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(57) ABSTRACT

The present invention relates to the cloning, identification and
characterization of the unique and entire genomic sequences
encoding new porcine DC-SIGN and LSECtin proteins,
including the novel nucleotide sequences of the full-length
c¢DNA and genes of both pDC-SIGN gene and pLSECtin.
Also provided are the nucleic acid molecules encoding newly
discovered porcine ICAM-3 isoforms from porcine mono-
cyte-derived dendritic cells and the use thereof. Specifically,
the invention is drawn to an isolated nucleic acid molecule
comprising a nucleotide sequence encoding one or more of
porcine DC-SIGN, porcine ICAM-3, porcine LSECtin, a
complement of the nucleotide sequence or a functional,
defined portion of the nucleotide sequence or a protein fusion
product linked to a protein that may be of porcine or human
origin. Methods for isolating and cloning the new porcine
genes and for using the new nucleotide sequences in
improved methods for propagating viruses, particularly
enveloped viruses, are additionally described herein. The
invention further includes new transfected cells or cell lines
that can stably express the porcine proteins, new antibodies
and the like.

31 Claims, 36 Drawing Sheets



U.S. Patent Apr. 9, 2013 Sheet 1 of 36 US 8,415,118 B2

R

N
X
X

5'-RACE 3'-RACE

N

b)
FIG.1




US 8,415,118 B2

Sheet 2 of 36

Apr.9,2013

U.S. Patent

009
8Gl
00G
Gcl
00y
43
00¢
8q
00¢
74
001

ec 'Ol

¥30L203399vIVVIVIILIIOLYYIIILIIL LIQVVILYYIIVIVILYILIVILIOIILLYIOLIIVIOIVWY LYY LVLYIVILILYLIILLOLIVYOL

IX03FIVISNITATOYOIITANIYSTSSHAMASODLDS A

oEh<<<*u<ow<oooo5<oo<h<<8<8<t85%8888228«5888880558<<<85<8o<o<ooo<o<o85E
TAJOD490 44 3IMHMIILdHITOVYV ITLYNNMLNODDIT I

5Poﬁo8<o<<woo<ootoE<<ooot<88888ooo?oog8885*858«88<<E<088<8<o<oo<oopooto<<h

YOLI9190L3LYILLOLLLIDLLYILILIOLLILIILIILIDLILLIILIVIIIILLIVILILILIFIVIIVILIVY IV LLYIVIIIILIVLIVI)

{

10483 ATA4IL KL NI I dI N0 VN

1131¥IYIOIVILLIDLLY LIVIIIIIIVIDLYIVIVYIVIIVIVIIIVIIVYIIIDVILILY LVIVIVIIOLYIIVVIV VIOV IVIVOVVIIV VIO

|



US 8,415,118 B2

Sheet 3 of 36

Apr.9,2013

U.S. Patent

6901
0001
006
0v¢
008
Ged
00L
61

q¢ Old

YWYVYYYYYWYYYYYYWYYYYYVYWYYYYYOOLLOLILVLLYOOLLYIVOLIVYYLIVVLLI3J0LVIVILY
3303333390339339.139909VINVILILIILYIVIILILYILLILILILIIIVYYIV LIV LYIIL LIILIIIVYIOLIDLYL LIIVYVILIL
LYOVIVIIVLIOLVIVLLLLIOLIIIVIOVYILLILLIDIILYIILLYYILIOLLLIIIVLLLILYIILLILIIIVIILIIILLLIVILLLIDLINVILI

* TNdJIdSSdXIITMKMVYN
JIIIVIVYIOIV LYVIVIVIIVILYIAIILIVLIILIVIVIIIILIVIIIIIVILILIILYIIIIILINILILIILIIVVIVILILILYIDLINAOWY

I ALIXNSANMIACNHTIVIACIAIHNNLEDIIINMNILS I

<<o§oooi8<<<oo§<8<<o&ooo~<8<<o<oohh<<o<088o<o<<oZo<ooo<8<<o<<ooo<<o<oo<<o<<<oohoto*o<05<

0O TdSNOCAMKMOMSOIOINLCCAOSTOIMNMLYIXNAYANAMNS NI



U.S. Patent Apr. 9, 2013 Sheet 4 of 36 US 8,415,118 B2

(d)
pCI-PDCS pCl-neo
KDa

75

50
37

25

FIG.3






US 8,415,118 B2

Sheet 6 of 36

Apr.9,2013

U.S. Patent

a+°Old

(0L6<1) bes'(o4)¥eIN'9—S2Q9
awwaw bes* 1%°9—-52Q9
(0001<1) bas'4£'9-5009
(0001<1) bes'4z'9-S209

(008<1) bas 4¢IN'9—-S0Q9
| bruop

spijuo) [
aboiano)

000v

00G¢

000¢

00§¢

000¢

00G1

000!

00§



US 8,415,118 B2

Sheet 7 of 36

Apr.9,2013

U.S. Patent

066
006
018
0cL
0%9

0vG

05y

09¢

0Le
081

06

eg "Dl
VY I LYYYY VYV YYY Y YV Y YWYV YYYYYYYVYYYYOVOYYYYY LOV LYYV IVYY 009909V ID00Y003 LY LY L 20V III LAY
Y19000¥I0L1YYIILI9YIY 1991 9VI099Y 1¥I99L319991 91391 19390901Y990 L3991 YNIILLYIVI 91991 91 W
9191991 19993301YI0VY1199919¥01391 130391333.L993L 129901 11 991 ¥IOVYIV LOVIDILYYIOVY L19ILIVIV
99912119003 L19VIIILLIVYILYYYYILLOVIIL IV L LIDYIIILILIDVIILIVLYILIDY LLYYVILILYL D01 L1 9LV
9913121120001V 19¥33999991.¥9L91 9101333391191 9101 WIILLL¥IN999139999L W1 J0VYYILIIL IV LIDDL

B— UOX]—
11I20VILLLLI991VIO2L0L010L 1119991 1903019991 0L WAL LIV LIIIVILIVILINVYILLIILIIVIVIL

¢ uoxj u
9010L29L¥IL 1L 113991 1¥I131901 1313913319121 13013330I9LLIVILILILIIWIDLIILIILIDLOLYIIILID

|
JOY.133399vILILIVDLILIDYIIINILIIN LIV LI 99999¥YI999LIVIIIV LIVIVILLIOLIIILIIIVLIVLIIO

[ ¢ uoxy |
YOOVILIVYIOVY LLYIYIIDILIVLIIVIIL LOLYIVIOIVILLIDL LV L IWII99990VIILYIVIVYIVIWVIYILLYLIIL1 91199

1Y1¥WOLYWVOLLIVYIIL LOLIVIIVIVIINOVINVIVILIDLYYIILLIOVIDL VIV 1332IV IIIVIVILIVLIIILID
—

[ T R—
10999V0¥99¥999991 ¥ILVALINI99LIL L¥D0000YIL9IIL IO LN DN IV IIOIVILOLYLVVNI9LYI




US 8,415,118 B2

Sheet 8 of 36

Apr.9,2013

U.S. Patent

0681

0081
0LLL
029l

0gGl

0yl

0G¢1

09¢1

0L11

0801

qg "Old

[ g uox3
1999v339900v IV LIIVIVI0ILIVIVLYVILYOLY L1991 99vIII99IIL LVIVIWY LO1II0DLILILILIVLYYVIILIV

g uoqg =
9LIVVIOONVIOOLOLLYL LOVL09LYENYISND0LLOL IWWID9L1¥I991000091000L¥I09L9LI0IILINDIOLIOL0

J113339vV33919LI1393399LWVIVIVIIILINIIILILYIOIVIILYILILYIVYIIILLIIILIIILIOLLIVIVILIIILI
V939911039999 LILLLIILIVILLLLILIFIIVIVIVIIINVIIINVIIVILIVLYIDILOVLILLL LIIVIIVIIILIIII)

= G uox3
1¥99L91L1¥9990VD LOVYON WYOLIIVYIO00VIO0LIDLYYLIIILIOOVIIOLVYALYOILOOYOLYIVINIILIOL LY LY

G U —m
OLO0IYOLYYON LYWV INVIDL LOLYOL LOVOOLIODLOLIDLIVYOL LYY LYV L LOGL SN LVONIVINVIOOLOLIVOLD

J09999LVILILLOLYYLVIVLVIOLVOVILIVIVOLIOVIILILIOIILYVLILIOLLIDLOLLLIIVILIONYILLLLIVILIVYID

D01 L91¥VI20LIVIVIILITLIIVILYIILIVILVII0IVIIIIVIIIIV LIV IOVIIVILIVIOVIVIIVIOVIINVIVIILLI)
—~—— | ——

T
VOL¥I91099¥9L0109¥99NWIO0L NWIVIINIOLIL LNV IINIIL LLYINYLINIIONN NN IININ VNN

y uoxy =
VYN NNILOLILVIONIOLYIONOL LLOVLOLIOLILIOLOLLLIVWOIINWYLYILIILIDL LWV IVIINIALIOL L




US 8,415,118 B2

Sheet 9 of 36

Apr.9,2013

U.S. Patent

090¢
062
0887

06L¢

00L¢

019¢
004¢
0gve
444
062¢
091¢
0L0¢
0861

26 'OId
-
1199vavI1199391vIL2139vIv330L 9999V LIVIVLIDILIL 139919909V L 0L I9I09VVIILILLIVIVIIV LI
QVIVIIILIVYILYYIILIOVLIOLIDILILIIOVIVIIVYYILLLLYIVIOINVILLLY LIDLIIVIOLYILILLYILOGVIVIID

1LIQVLLLLIVIOLOOVVIINVIIIOIIVLIVILIVILILI3999VIIVIIIIOL L9109 LI0VIILIVVIILIIIVIOLYIVYI

1991 LO9VIVYILIVIVLIVYYYILIVIIOLILLYIVILIDLIIDIVIOVYYIIILLLIDVIODVYYYYYIIIVIDIILIIINVVIV

» [ uox3
30099LYYOVILIYIO0LOOVOLIIYILOVYIO LODO0DININY YOI LIDOLYWIO9LIOL LIV VIOV OVILYILVDLI099L

[ uoxj ™
LYOOLIOVIIOVYY LYV LY LYIVILOLY LIOL LOLIWYILIIL LYWYIVIIADVIIIIVILILLLIOILYY LI LOLYVIONILL

YOLILYIVIVILILYIVIVYIILIOVYIIOVIVIVIOONWIOIVIVILOLL LLIVYIONVIVIOLOVIV LOVIILY LIV IVOLL
JVYOVOV LYOYYILILYIVIIL LIV LOJIVIVILLYIVIVLYYIOY LIOOLYLOLVOVIVIOLYLIVOVY L LOVYIYIVIVIOLOVYILID
VL0V LYIDLYIIVYIOL LITIILYV IVYYWYYYYIYVOONVIVY LI LIDLO99LILVLY LOLIVYIIILION LI LNVILLYY
12100V IV1VINVIVIOVLY1991 91991 LVIVIODLYINYL LIOILILILIDLLIDIILIVL LVIOL LIIVIILYIVILYIOLY
LILIVILILYYLIVYILIVINVILIIOLIILIIOLLIVIVYIILIIILYYIVYILIVYIOVVYYIY LVIILYLY LYIQIVINIOL
YIOVIIVYIVYIVIVILYIVILIOVVIIVI LIVIIOVY LVIIVYIOVIVIOLIOL LIIOVYIQOVILIVIOLYY L IQOVIIOLYIVIIL

JOVLYIILIVIILIVIOLYIVIVILIIIIIILILIILIIIVIIILIL LIIVIVYYIVYILIDLIIIIV1¥ILIIILIIOLLALIOL



US 8,415,118 B2

Sheet 10 of 36

Apr.9,2013

U.S. Patent

8Cve

/42%

U8%Y

1749

0G1¢

PG "DIld
dy
m— 8 U0
900193209v29v21019
g uox3

ILYIVIOLILYILLILILILIIIVYVIVLIOIV LYIIL LIILIIIVYIOLIILY L LINIVYYILILLYIVIVIOVLIOLYIOVLILLLD

g uoxj
1990v30VYILLIL13009LYDIILLYYILIOLL 103V L L1I1YIILL1I13J0VIILIIILLLIIILLLIILIIVILIDIINVIVYII)

g uoxj
YLYVIVIVIIVILYI000 LIV 13313993009 LIVI09IVILILIILYIITIII LIV LIL IV LITINYIVILILILYIOLIIIOVWY

g UoXJ
YOV L990V LOLYYYOOV LYILYYIO L0991 YIOYYIVIILLYYIVIILILOVIVYILY IV IOV LYY IVYIOIWY VIOV IVYYIILD



U.S. Patent Apr. 9, 2013

JoyBW YNG |
S9SN
JOAIT L

MoJlew suog |

1esH

apou ydwA

BunT
Aaupiyf
SNWAY |
wnusaponq

uoes|ds

Jaylew yYNQ

Porcine DC-SIGN .

Sheet 11 of 36

Porcine GAPDH

FIG.6a

US 8,415,118 B2



US 8,415,118 B2

Sheet 12 of 36

Apr. 9,2013

U.S. Patent

q9°Old
V=014 v-31l4
QL 0L 0L 0L 0l __mo_____:_vo__ mo,_ No__ _o__ ¥-0S4
. 5 A Tt 0 M0GE  MZBL M8l MP9
0z oz !
B SR -iP9
% By X A :
Ov o ; o o Amm%o__o_@\ ) / _
09 5 B 910 (8d) _¥100 |- %8zl
- 08 - 08 -AC6l
00l 001 - )9G¢
$9]A20UON 18d

¥=3SS



US 8,415,118 B2

Sheet 13 of 36

Apr.9,2013

U.S. Patent

V-0l
QO 0l Q0L 0L 0l

PRl YT RN A TTTEN W Ara 11T W _:_. PPN YT

-0C
P
o 3
09 5
-08

(G Aop) senan

00l

°9°0ld

V-0l
O 0 0 01 o)

09 5

(£ fop) soqaw

001

V-0l
mc_ 400 0L 01 ol

07
P
o 3
09 5
-08

(¢ Aop) sOQaW

00l



US 8,415,118 B2

Sheet 14 of 36

Apr.9,2013

U.S. Patent

V-0l

GINd

001

XD\ JO0 %

18/+0¢

PO Ol
v-0Ll4
\
Vo oroe
ik
| -0y 3
! 09 §
-08
00}

v=0ll4

0l

QOF 40 OL O

0

07
P
0%
09 5

-08

00l



U.S. Patent Apr. 9, 2013 Sheet 15 of 36 US 8,415,118 B2

X
5

N s

FIG.7




US 8,415,118 B2

U.S. Patent Apr. 9, 2013 Sheet 16 of 36
BHK-PDCS BHK—PDCS
(unsorted) (sorted)
100 100
80- A 80+
1
£ 60 l 2 60
'S P 5
»e 401 . v 40
20{ | 20-
0 2 LY R 0 1/ '""2‘"\'; TS
10" 10° 10" 10" 10 10" 10° 10° 10" 10
FITC-A FITC—A
BHK-21 313-HDCS
100 100
80 80
S 60 S 60
5 5
se 407 re 401
20 204
0 SRRV RN AR B 5
10 10° 10" 10 10" 10 10° 10" 10
FITC-A

FITC-A

FIG.8a



US 8,415,118 B2

Sheet 17 of 36

Apr.9,2013

U.S. Patent

y-0ll4

QO 0 01 01 L0l

v-3114
Qb b 0 0l

ol

-02
-0

XD\ JO %

-09
-08

SOQH-¢1§

00l

98914

v-0Ll4

O 01 00 01 40l

XD\ JOo %

v-aLl4
Ol 0l 0L 0

ol

001

07
-0F
-09

XON 0 %

08

001

01 0L 01 01 0l

y-0ll4

/

o
O4—CAVIIY

-0y 2%

Q
({=}
XD\ JO

08

QO O O

v-0l14

00l

24y

-0¢
0¥
-09

XD\ JOo %

-08

SJad—-XHe

00}



US 8,415,118 B2

Sheet 18 of 36

Apr.9,2013

U.S. Patent

-0¢
o
-op >
09 5
08

y-oLld

0L 401 L 01 0l

001

XD\ 10 %

SOQH-€1¢

001

I8°Dld
V-0l
QO 0L 0L 0L 0l
VIR AP SR AP PO
-02
-O% M”
09 §
-08
00l
v-0114
Q0L 0L 0L 0L 01
VI A Lo
-0C
-0% Mw
09 §
-08
00l

1¢—)HE

V-0l
0L 401 01 0L 0l

lAafAW@q

00l

So0d—-XHe

00l

XD\ Jo %

XD 10 %

V193 + 34-CAVOlY

uouuow 4+ 94-CAVOM



US 8,415,118 B2

Sheet 19 of 36

Apr.9,2013

U.S. Patent

v-0ll4

gl 40 01 0 0L
/7

02
0¥
09

XD\ JO &%

-08

v-0ll4
Q01 4,01 01 01 01

PR TTTHE W A [TTTR

001

<X
x

-0¢
0¥
09

XD\ 10 4%

-08

SOAH-¢1¢

001

P8°OId

v=0ll4
Qo 40 01 01

-0¢
-0
-09

XD JO %

-08

v-0ll4
Ol 0L 0L 01 0

0ol

-0¢
-0v
09

XDN O %

-08

1¢—XHE

00}

m.o_

V=014
0

O QOF ol
R

X 7 \
o

09 &

Ol

V-0l
0L Qb A 0

001

-0¢
-0
09

XD\ 10 %

-08

Soad—-XHd

00l

UbuUDW—-2Avoly

94—-CNVIM



US 8,415,118 B2

Sheet 20 of 36

Apr.9,2013

U.S. Patent

v-0ll4
Ol 0L 0

0

SOAH-€1E

98'9ld
V193 + 94-ZAVOIY

V=01l v-01l4

Ol 4,01 0L 01 0l Ol 01 0L 0L 0l

P (1YW W S YTV U T WA aliu [TYY U W [T WA S M 1Y A O

\ [ e
. L0y M -0b M
09 § 09 §

08 / -08

00l 00}

LZ-3HE Sodd—XH4



US 8,415,118 B2

Sheet 21 of 36

Apr.9,2013

U.S. Patent

MARC-145

BHK-PDCS

FIG.9a

BHK-21

BHK-PDCS

FIG.9b



U.S. Patent Apr. 9, 2013 Sheet 22 of 36 US 8,415,118 B2

& 120
g
5 100-
~ 80
|
=
s 60 -
- 40+
N
T 20
E <
o 777
= 0 <
1.00E+05
1.00E+04 _ Donor cells:
BHK-PDCS
€ 1.00E+03- BHK-21
> O MARC-145
[
" 1.00E+02- Target cells:
MARC-145
1.00E+01
1.00E+00

PGXG VR2385
PRRSV strains

FIG.9d



US 8,415,118 B2

Sheet 23 of 36

Apr.9,2013

U.S. Patent

FIG.10



US 8,415,118 B2

Sheet 24 of 36

Apr.9,2013

U.S. Patent

0cL

009

08y

09¢

74

0cl

elLl "Old
N

PGl £G1 61151 061 671 8¥1 [v) 9¥1 Grl wwl €91 Cvl LbL O 1 6C1 BEL [61 961 GEL EL €61 CELLEL 0L 61 801 LC1 901 SC1 v¢) €1 ¢¢1 121 0CL 611 8LL L1) 9L GLI
siy oy By oid oy A9 A9 Jas na] na] sky Jag na] na na oud AT dsy a7 oid Sy dij oid oid na] oid oy na] ng oA bay njg o ayq bay K| 8 dyl 3 usy
Q0¥390399Y330 LIVIVIIILILILLILIVILLIVILIILIVLINVINYIVIILLIIIIYINLIIVVIIILILIIIIIILIVYII LIV IVIIILLIIIIV LILVIOVILYIV
¢ uibtuog —=N-—-

PLLELLCLLLLL OLL 601 801 £01 901 SOL 01 £0L ¢OL LOL 001 66 86 6 96 S6 #6 £6 ¢6 16 06 68 83 /8 98 G8 v8 (8 (8 18 08 6L B[ [[ 9L G
185 1o Bry oA 8l gy dsy dsy sky neY A aud SK) aud ayd U9 ) dsy A9 1y oA usy sy na uig aug oy Dy dif A buy Aig JeS A9 jop oig nig dif na
YLI1301VIVV LV LYIVIDLLIVILYIIILILIVIILL LIDLILLILLIVINIVIVILIDLIVILILYVIVYILIVYIILLIIIVIIILITINIIINILIVIINILININVIIILIL

|||Z|||
b €L L L 0L 69 89 £9 99 G9 ¥9 £9 €9 19 09 6G 8G [G 9G G5 & £5 ¢G 1S 09 6V 8y Ly v S vv ©v Oy |y O 60 8 [L 9F Gf
na7 JAL Jyl N9 oA oS 8l na sK DIy S a7 sk) dsy uy| o sK) Usy oA a7 oA oS NI A9 0id N DA DI 0ld 0ld U N nf9 oA bay Jo U9 aug nig ujg
IV LIVLIVIVIVLIILILYILIVYYLIDLVIILIIILLYIVIVLIVIILIVWY LIDLLILILILIVIVIILIILLIILIVIIVIIIIVIILIVIILNVIVILYIVIOLLIVIV
——=N-—— | uiowoq

PO (IS 0L 60 B0 LL O GC W Se G IC 0L 61 8 LI QST yl S g ol 687 95 ¢ g1
fl9 ug oy Al 01d 014 na neT sK) Dy DA e e N Jag o) e ayd Bl i) K oy A9 Jeg oug ne] dif Jog 0id oA JON YL DIy oW

09999¥2L091 9NI000OV LOV LOLOLI0DLLOVLILLIDLOLOLOLYOLIOL L L1Y99L V1309999001 9009L09DLI0LYI0DLIDLYIONIISOLYINILILIIL LOWD

€9 79 19 09 65 85 /S 95 S5 ¥ €G 75 1S 0G 67 87 Ly 9% b b S Ly Iy Oy 65 & L

fig 01q 1aS oiq ] JOA ML IPA DIV ML IoA @i o iy L 41y oig A Ky iy ayy duy dsy ug oig oig oy

AT I AL R RN EE R AN AN RN N

01q 43S oA Bay dsy A9 A9 oiq usy Bay Jy| oig cid A9 na oig i) seg 0ig njg 0ig na] A9 Bay na oig sKy o g g ne1 A9 U dsy i) Jep
1303011 9vI¥I¥I9939990330¥VI9I L I¥¥I00320999LLYIVIIVIIL LIIYIWIVILLIDVIVILOLIVIILILIOVILIVY L L L OIIVILYIDLILVILL D1 9L1I0)




US 8,415,118 B2

Sheet 25 of 36

Apr.9,2013

U.S. Patent

!

0yl

0ctl

00¢1

0801

096

0v8

qLL'?4

VYV VYV YYYYYVVYYO LYWWV LLLOOVWY LWV LOVI90DL LYY
0LE 1S 015 69 89€ L3¢ 99€ S92 ¥9E £9¢ 79F 19¢ 09 65E 8SE £GF 96¢ G¢
njg ofy Oy oy Dly N9 7 oig v bay oig oS 1y ujg usy jop ug )

900301V 1990991 L2999 VIOV IVYYIINYIILOV LYI990 1OV LIDNILIILYDL VIV IN DL MYV IIIVYIIN LI LOVINYYIOVYILIWYILY

Y56 09F 79F 19 0S€ BYE 8YE L4 9¥C SYE HE CVE THC 11E OVE BEE BEC L0599 GEF ¥EF £47 768 167 OFF 67 876 £2€ 976 66 4T 7€ 776 12€ 076 61 8IE LIE 9E GIE

Jy) dsy Jag uy A1 Mg oA By aug oA K)o neT o)y D)y DIy 9l ol [oA e A9 naT &y D MO DA A9 e oG A JyL 8| DIy M7 g Usy U 1S U S

LLOYOY9L9¥IVINYIVIILIND0ILLILALALILYYL LI09IILIFILYLLYALILLLHIILIOLYIONVLLILHNILIIAN LLYIIVILYIDILIDIDLYYIVILIMYYIOL

12%an1

V1€ C1E TIE LIE 01 60 80F £0F 902 SOE ¥OE £0F 20F 10F 00€ B6C 867 L67 967 S6T ¥6C £67 767 167 06T 687 887 LB 98T S8T ¥47 87 787 187 087 647 8L LLT 9T L2

Jy| oA usy njg bay ay nig na dyp sK1 A9 A9 na yp e usy sK) oA o M9 sy o A9 SAY ug nig oy 7 oyl o Jy) oy Jyp ne bay dsy g s Jeg

Y90¥ALIOVY VIOV VIOLIOIVIVYIILINV L LIOYILYIVYIOLOLIL LYYV IIIIINYY VI IV IINY IV IINIVIIIINILIINVIVIIIIINIII

|IIZ|II |IIZ|II

Y1707 TLT 1T 0L 69 89T L9T 997 SO Y97 £9T 797 19T 097 6C 8GT L7 95 95T ¥5C £ TS VST 0GT 642 847 LT 94T ST ¥4 4T THT 4T 0¥ 657 8ET LT 957 52

DA IPA DIy 014 Usy 137 JaG U9 usy A9 ] oly na ujg oA Ui O Nj9 JaS Dy 0id dyd oA A9 dsy na yp sK) mg oA 0id dip na dyp g oA M9 IS 44 U9

¥9L90L9¥I9000LYYILILVIVIOYYIIIILINIILIVY IO LIYYIIIIVYI LIV IDILLILINNILYIILIOOVIILIVINLHIIDIILIL LOVYYIILIVYIIILLLLY

|IIZ|II

V67 067 76T 167 067 672 872 £3C 907 ST 472 €70 T2 122 077 6T 81T L12 91T SLT YT €12 42 112 OLT 607 807 LOC 90T SO 0 €0 207 10T 007 661 861 L6 961 61

0Jd IPA DA na Bay 0ud 0 Jy] DA 014 18 Oy Syd Jy) i na] sA] Buy oid oy J8S J8S usy i syd ne] A9 nel v g Jas bay neq dsy ne nyg 1y bay sk sg

IVI0L9LLIYLIHD0LIDLIIOVILIIIINLYIIM L LOOYYYIILINVYYIVIIIIIILILLIVOYYIVIILLILOVIIILININYILILINOILIVIILLYYIVIVIDIILLY

¢ upwoq ——N-— -—
y61 61 261 161 061 681 981 /81 981 581 #81 €81 781 181 081 671 874 171 92 SLL 21 SLLTLLLLL OLL 691 89} 191 991 G991 €91 291 19} 091 651 8GL £G1 91 S5
3yq usy oy A9 siy dsy dsy bay Jag oly 4G oA Juyl oA JuL IoA M9 uyl oid Mg A9 sK1 oy oy oid ug Bay A9 na g nig i A9 sK1 syq na o oA uyp na

LOLL1¥Y¥0090990Y00¥ 90V IYOVINIIIII LI LIV LIIVILIVY IOV DIV IIIIMYY IOV IV IIIN 99D LIV NYIN IHIINYILLILINIIILINVIL




US 8,415,118 B2

Sheet 26 of 36

Apr.9,2013

U.S. Patent

ecL’oOlid

(€—NvDI 8uioloq)
buiddiys suox3

uonD|suDJ|

\ (s¢

WVO| SUIA0Oq puD moontn_v

buioids [pwioN

S1aP3IHIG 3 €3/ — A 13
\V4
aouanbas
|=—umouyun —{-= umouyy -
M L 9 G y % __ 0



US 8,415,118 B2

Sheet 27 of 36

Apr.9,2013

U.S. Patent

qc1°'9Old

i

S | U BT VIl <— 119 v999

[VOVVOLIOVVOIVIOVY LYV |[ VVVI IV VYL 00100 L1V 00 01V 99 OV 19009 LVVV 109Y0V9 19V00IVI) 09V |

. 015 00 or 0c 0T o[ o8s 08 095 |
POl — — B

WE|Em_E|_|\m|\T :
|

UMoYuf

~=—{Q0ld



U.S. Patent Apr. 9, 2013 Sheet 28 of 36 US 8,415,118 B2

bp bp
2,721
1,701 - -
1,491 & 1,381 -
1,176 - -
09
807 —

FIG.13



U.S. Patent Apr. 9, 2013 Sheet 29 of 36 US 8,415,118 B2

5
FIG.14a

ATG

Exon |1



US 8,415,118 B2

Sheet 30 of 36

Apr.9,2013

U.S. Patent

0LL
L1e
099
081
064
114’
Ovy
L01
0cg
0L
0c¢
143
0Ll

a1 "Dl

%coyaomco“ucuooyacoaycmm#mmo“mcuuc#umcacou#ccccomomummmcomom#mHummmcm#uummm#uao#uoyommomoumouomwuc#ccmmo#@coﬂo
g uoxj

19033 T99ATATHVYIVIIOIHSOYIAMNLYOIDVS I IADIS

91126660260660661296666611611061661990369696669616660626720996060212660661666169022666600969662197113190116139
g voxg b 7 vox
90 4 dTMHSHJIIODIOISSHDIYUAYITITIYYLITISYIHI YA

1966602933092672966709160092936160260626799796020060221766921606060669260606692719396061609622102006D6 029006607
/ uoxg } g voxg
Y IVIOIODLAYISTINTYSIOITAIANYAYIITODLHALDI

66996006796617266603990616969606260672006600619396260606602606671619600636600096606D66779609920902616690609679
9 uoxy b ¢ voxg
DYAQAITOIOISNIVYVYAIINTANTLYLAOCXSYNLYTTAAdH?I

b0962b6b02676666670967967960900267296063016606b066DDHF7236600679100696b69060260DD2F99690DD9DH6DE79D97066DIIDIID
G uoxg k 3 uoxg p uoxg b ¢ uoxg
77y 983 LSy XS Jd T TS TATY MITAILAAATIJIY TTITSYD

6719679696666962606090291996600993111019910960679716972996661679916090996916616619166111996619919919321060602D
¢ uoxg b 7 voxz

OMHOMHIIdADT T XNH M XS A9V L QN

mmmmyococmmomuocomﬂwcmmuouoymmcmmcmm“omccuccucmmmﬂmccomcocHommoomHococmﬁyooocHﬁumﬁuocummocomcmcuooﬁygyoHUHOPH#
Z uoxy & | uox3



US 8,415,118 B2

Sheet 31 of 36

Apr.9,2013

U.S. Patent

Legl
0zel

0lcl
0011

66¢
066
06¢
088
1414

oL "DOId

DD1996067099290910209109679632920002796091090661200700296607996060229097799290900DDDIBDI7106790999790970D1D710

INHY XN T IITM

STUIXSNIJdVYINMKNILIYITHNANTOIOOQITIEITSANLSIITITNMH

u,%8omocmocoomoooo03@880838530Hcmmgocgozosom#038383083833ySoom#888%mgSScc@SooJ
6 uoxj
SIS TAdAITCAMDASODINEIY S IAYYETITMHNAIYIV INYSI




US 8,415,118 B2

Sheet 32 of 36

Apr.9,2013

U.S. Patent

egl 'old

IR

buibiop

Y

WY

y-r

L3 2 A

\

Yy

LB &

\%&

LARAGELEL

L

i
|
8

L
L

G

14

¢

¢uldasTe

CUROIST

EENY

ul}035102

unoasTq

uoxy



US 8,415,118 B2

Sheet 33 of 36

Apr. 9, 2013

U.S. Patent

qG1°Old

jli\‘\ VAR

LA & C‘\ y E N U

uoisep ju—|
Y ;\\_H___\

:o_tom_:_ -1

A A M ﬁ\ Y ‘l‘i/! S

V/RWRLY

aouanbag

uRa3SIw

4
uny3sTdyd

|
unn3IsTdyd

uno3sTdyd

ulld3STY2

upoasTdy

RINENL



US 8,415,118 B2

Sheet 34 of 36

Apr.9,2013

U.S. Patent

ol

°G1'OlId

00L¢ 00¥¢ 00LC 008l

00S1

00¢l 006 009

\AL

£

r<

W

Wy

vy ¥

LS RO |

N9IS—ad

Zuno3sd

Luo3sd

Zuno3stdo

Luno3sTdo

undas



U.S. Patent Apr. 9, 2013 Sheet 35 of 36 US 8,415,118 B2

Exon1 2 K
2721 bp [ E [ -
Intron A B C D E

1707 bp (e

789

1491 bp |]
2

1381 bp :-:{-:-:-:-:l:-:-:-:tﬁséziséz;zk&i*iié5‘1|
* —Intron C

3456 78 9

1176 bp IE—H”I """ S NN

B ;—IntronB — Intron B and exon 2
5678 9 simultaneously?

* Evon 2 B CT ETMD

13|AI5|6" 78 9\] Neck [TT]CRD




U.S. Patent Apr. 9, 2013

Joylew YNQ
SETRIN
JOAIT

MOLiew auog
HesH

apou ydwAT
BunT

Aaupiyf
SNWAY |
wnuaponQ
uog|dg

Jaylew ¥NQ

S
O
L
5]
~d
O
S
S
o
Q.

Sheet 36 of 36

Porcine GAPDH

FIG.17

US 8,415,118 B2



US 8,415,118 B2

1
PORCINE DC-SIGN, ICAM-3 AND LSECTIN
AND USES THEREOF

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application commences the national stage under 35
U.S.C. §371 of PCT International Application No. PCT/
US2008/012251, filed on Oct. 29, 2008, which claims the
priority benefit of U.S. Provisional Application No. 61/000,
800, filed on Oct. 29, 2007, now abandoned. The prior appli-
cation is incorporated herein by reference in its entirety.

STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH OR DEVELOPMENT

Not Applicable

NAMES OF PARTIES TO A JOINT RESEARCH
AGREEMENT

Not Applicable
BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention concerns novel porcine DC-SIGN
and porcine LSECtin genes, cDNA derived from the respec-
tive porcine monocyte-derived dendritic and liver cells, por-
cine DC-SIGN and porcine LSECtin proteins, transfected
cells or cell lines stably expressing the new proteins, fusion
products, antibodies, methods for isolating and cloning the
porcine genes and the use of the porcine proteins for propa-
gating viruses. Also provided is the nucleotide sequence
encoding newly discovered porcine ICAM-3 isoforms from
porcine monocyte-derived dendritic cells.

2. Description of Related Art

All patents and publications cited in this specification are
hereby incorporated by reference in their entirety.

Dendritic cells (DCs) are professional antigen-presenting
cells (APCs) located throughout the peripheral immune sys-
tem. Invading foreign antigens trigger the migration of imma-
ture DCs from the blood into tissues where they detect and
capture the antigens (K. Palucka and J. Banchereau, “Den-
dritic cells: a link between innate and adaptive immunity,” J.
Clin. Immunol. 19:12-25 (1999)). Activated DCs process
captured proteins into immunogenic peptides through MHC
molecules (a set of membrane glycoproteins called the MHC
molecules or the Major Histocompatibility Complex) and
present to T cells. Recognition of invading pathogens by DCs
is mediated by pattern-recognition receptors (PRRs) includ-
ing Toll-like receptors (TLRs) and lectins (S. Thoma-Uszyn-
ski et al., “Induction of direct antimicrobial activity through
mammalian toll-like receptors,” Science 291:1544-1547
(2001); W. 1. Weis et al., “The C-type lectin superfamily in the
immune system,” Immunol. Rev. 163:19-34 (1998)). The lec-
tins expressed on the surface of DCs are members of the
calcium-dependent C-type lectin receptor (CLRs) family and
play a key role in the antigen capture and internalization of
DCs (Weis et al., 1998, supra). CLRs are also expressed on
other APCs including macrophages.

The CLR family includes a large number of proteins that
perform protein-carbohydrate interactions by binding to the
polysaccharide chains on glycoprotein ligands in a calcium-
dependent manner. Numerous CLRs belong to PRRs
expressed on the surface of APCs that recognize foreign
pathogens, playing a key role in host immune responses. The
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type II CLRs are classified by their NH, terminus domain,
cytoplasmic tail (CT), located in the cytoplasm of the cell.
Other type II CLR domains include the transmembrane
domain (TMD) following the CT, a single carbohydrate rec-
ognition domain (CRD) at the carboxyl terminus exposed
extracellularly and the neck domain between the TMD and
CRD.

A human lectin gene cluster of type Il CLRs, CD23/LSEC-
tin/DC-SIGN/L-SIGN, which is localized at human chromo-
some 19p13.3, has received increasing interest. Human DC-
SIGN, hL-SIGN and hLSECtin, which have analogous
genomic structures (W. Liu et al., “Characterization of a novel
C-type lectin-like gene, LSECtin: demonstration of carbohy-
drate binding and expression in sinusoidal endothelial cells of
liver and lymph node,” J. Biol. Chem. 279:18748-58 (2004)),
are important C-type lectins capable of mediating pathogen
recognition. Human CD23 (FCER2) is a low affinity IgE
receptor that plays an important role in cell-cell adhesions, B
cells survival and antigen presentation. Dendritic cells-spe-
cific intercellular-adhesion-molecule-3 (“ICAM-3")-grab-
bing nonintegrin (human CD209, also known as “DC-SIGN;,”
a 44 kDa type II transmembrane protein), a CLR, was iden-
tified as an ICAM-3 binding protein mediating DCs and T cell
interaction (T. B. Geijtenbeek et al., “Identification of DC-
SIGN, a novel dendritic cell-specific ICAM-3 receptor that
supports primary immune responses,” Cell 100:575-585
(2000)) and a HIV-1 gp120 receptor mediating transmission
of HIV-1 to susceptible cells in trans (T. B. Geijtenbeek et al,
“DC-SIGN, a dendritic cell-specific HIV-1-binding protein
that enhances trans-infection of T cells,” Cell 100:587-597
(2000)). Additionally, DC-SIGN was found to interact with
ICAM-2 binding protein, regulating chemokine-induced traf-
ficking of DCs across both resting and activated endothelium
(T. B. Geijtenbeek et al., “DC-SIGN-ICAM-2 interaction
mediates dendritic cell trafficking,” Nat. Immunol. 1:353-357
(2000)). A second human DC-SIGN (hDC-SIGN) homo-
logue, hL.-SIGN (CD209L) or DC-SIGNR, was subsequently
identified and shown to have similar function, but subtly
distinct property of pathogen recognition, to hDC-SIGN (A.
A. Bashirova et al., “A dendritic cell-specific intercellular
adhesion molecule 3-grabbing nonintegrin (DC-SIGN)-re-
lated protein is highly expressed on human liver sinusoidal
endothelial cells and promotes HIV-1 infection,” J. Exp. Med.
193:671-678 (2001)).

Human DC-SIGN is expressed mainly on monocyte-de-
rived human DCs in vitro, on immature and mature DCs in the
normal human lymph node, dermis, mucosa and spleen and
on macrophages in alveoli of the lung in vivo (T. B. Geijten-
beek et al., “Identification of DC-SIGN, a novel dendritic
cell-specific ICAM-3 receptor that supports primary immune
responses,” Cell 100:575-585 (2000); T. B. Geijtenbeck et al.,
“DC-SIGN, a dendritic cell-specific HIV-1-binding protein
that enhances trans-infection of T cells,” Cell 100:587-597
(2000); L. Tailleux et al., “DC-SIGN induction in alveolar
macrophages defines privileged target host cells for myco-
bacteria in patients with tuberculosis,” PLoS Med. 2:e381
(2005); E. . Soilleux et al., “Constitutive and induced expres-
sion of DC-SIGN on dendritic cell and macrophage subpopu-
lations in situ and in vitro,” J. Leukoc. Biol. 71:445-457
(2002)), whereas L-SIGN is highly expressed in sinusoidal
endothelial cells of the liver and lymph node (Bashirovaetal.,
2001, supra). It has been observed that L-SIGN homologues
only exist in human and non-human primates but not in other
non-primates mammalian species.

Recently, a third human DC-SIGN-related C-type lectin
(identified as “CLEC4G” and named “LSECtin”), which is
co-expressed with h[.-SIGN on liver and lymph node sinu-
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soidal endothelial cells (LSECs), was identified with similar
property of pathogen recognition and antigen capture (A.
Dominguez-Soto et al., ““The DC-SIGN-related lectin LSEC-
tin mediates antigen capture and pathogen binding by human
myeloid cells,” Blood 109:5337-45 (2007)). Besides hLSEC-
tin, LSECtin homologues in other mammalian species have
not been experimentally identified although limited gene
information can be searched from the genome databases.

Due to similarities in organ size and physiology with
humans, pig is considered to be the preferred source animal
for xenotransplantation (Y. G. Yang and M. Sykes,
“Xenotransplantation: current status and a perspective on the
future,” Nat. Rev. Immunol. 7:519-31 (2007)). Understand-
ing the compatibilities across the human-pig species barrier
of the molecular interactions is very critical for the clinical
application of pig-to-human xenotransplantation. Interac-
tions of the receptors on porcine hematopoietic cells with
ligands on human endothelial cells play a crucial role in the
event that porcine hematopoietic cells are used to induce
tolerance in the human recipient (A. N. Warrens et al.,
“Human-porcine receptor-ligand compatibility within the
immune system: relevance for Xenotransplantation,”
Xenotransplantation  6:75-8  (1999)).  T-cell-mediated
xenograft rejection, a phenomenon probably caused by
induction of stronger human T cell responses against pig
antigen than that against alloantigens, also involved potential
interactions of adhesion molecules between porcine APCs
such as DCs and human T cells (A. Dorling et al., “Detection
of primary direct and indirect human anti-porcine T cell
responses using a porcine dendritic cell population,” Eur. J.
Immunol. 26:1378-87 (1996)). DC-SIGN has been further
shown as the endogenous adhesion receptor for ICAM-2 and
ICAM-3 (T. B. Geijtenbeek et al., “Identification of DC-
SIGN, a novel dendritic cell-specific ICAM-3 receptor that
supports primary immune responses,” Cell 100:575-585
(2000)); T. B. Geijtenbeek et al., “DC-SIGN-ICAM-2 inter-
action mediates dendritic cell trafficking,” Nat. Immunol.
1:353-357 (2000); D. A. Bleijs et al., “DC-SIGN and LFA-1:
a battle for ligand,” Trends Immunol. 22:457-63 (2001)).

Porcine reproductive and respiratory syndrome virus
(PRRSV), an economically important swine pathogen world-
wide, is a member of the family Arteriviridae in the order of
the Nidovirales. PRRSV isolates identified thus far world-
wide are divided into two distinct genotypes, European (type
1) and North American (type 2) genotypes, which cause the
same disease symptoms but are antigenically different. Like
other enveloped viruses such as HIV and HCV, the entry of
PRRSV into the host cells, namely, the porcine alveolar mac-
rophages, is a complex multistep process that involves the
presence of several entry factors including sialoadhesin,
CD163 and heparan sulphate (P. L. Delputte et al., “Analysis
of porcine reproductive and respiratory syndrome virus
attachment and internalization: distinctive roles for heparan
sulphate and sialoadhesin,” J. Gen. Virol. 86:1441-5 (2005)).
However, the potential interaction between PRRSV and por-
cine PRRs on APCs has not yet been reported. Since human
L-SIGN was shown to be associated with SARS-coronavirus
entry in lung, the porcine DC-SIGN/L-SIGN homologue may
play a similar role during PRRSV infection in pig lung since
PRRSYV and coronavirus both belong to the Nidovirales order
but significant experimentation is warranted before a conclu-
sion can be drawn.

Although the monkey kidney cell line (as described in U.S.
Pat. No. 6,146,873 and elsewhere) and primary porcine
alveolar macrophages (PAMs) have been the only two cells
known to support productive PRRSV replication, other cells
such as the BHK-21 cell line have been shown to be replica-
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tion-competent, that is, having the necessary ability to sup-
port PRRSV replication (H. Nielsen et al., “Generation of an
infectious clone of VR-2332, a highly virulent North Ameri-
can-type isolate of porcine reproductive and respiratory syn-
drome virus,” J. Virol. 77:3702-11 (2003); J. J. Meulenberg et
al., “Infectious transcripts from cloned genome-length cDNA
of porcine reproductive and respiratory syndrome virus,” J.
Virol. 72:380-7 (1998)). For example, when BHK cells were
transfected with viral RNA or in vitro synthesized RNA tran-
scripts from full-length genomic ¢cDNA of European strain
LV or North American strain VR-2332, evidence of PRRSV
replication was detected in BHK cells. PRRSV virions were
produced and excreted into the medium; and when the super-
natant from transfected BHK-21 cells was transferred to
PRRSV-permissive cells, cythopathic effects (CPE) was
observed. Unfortunately, the replicating virus in transfected
BHK-21 cells does not spread from cell-to-cell, indicating the
lack of receptors on BHK-21 cells. A putative PRRSV bind-
ing receptor was reportedly identified from alveolar mac-
rophages to be 210-kDa membrane protein (E. H. Wissink et
al., “Identification of porcine alveolar macrophage glycopro-
teins involved in infection of porcine respiratory and repro-
ductive syndrome virus,” Arch. Virol. 148:177-87 (2003)) but
functional confirmation of this receptor candidate at the level
of'virus entry is still lacking Recently, it has been shown that
porcine sialoadhesin (pSn) mediates internalization of
PRRSV in PAMs (N. Vanderheijden et al., “Involvement of
sialoadhesin in entry of porcine reproductive and respiratory
syndrome virus into porcine alveolar macrophages,” J. Virol.
77(15):8207-15 (2003)), and that pSn is a sialic acid binding
lectin and interactions between sialic acid on the PRRS virion
and pSn are essential for PRRSV infection of PAMs (P. L.
Delputte and H. J. Nauwynck, “Porcine arterivirus infection
of alveolar macrophages is mediated by sialic acid on the
virus,” J. Virol. 78(15):8094-101 (2004)). In human, mice and
swine, sialoadhesin is only expressed on discrete subsets of
tissue macrophages. PRRSV is known to infect macrophages
in the respiratory and lymphoid systems of the pig in vivo.
Since PRRSV also infects other monocyte-derived lympho-
cytes in vivo such as dendritic cells and since the structure of
PRRSV virion is very complex, it is likely that multiple
alternative receptors and/or co-receptors exist on these cells.
In addition, PPRSV receptor on the susceptible monkey kid-
ney cells has not yet been identified.

Macrophages and dendritic cells are important for recog-
nition of pathogens and play important roles in immunity
against invading pathogens. Human DC-SIGN and the related
liver endothelial cell lectin L-SIGN have been characterized
and found to express abundantly on the surface of dendritic-
like cells (A. Puig-Kroger et al., “Regulated expression of the
pathogen receptor dendritic cell-specific intercellular adhe-
sion molecule 3 (ICAM-3)-grabbing nonintegrin in THP-1
human leukemic cells, monocytes, and macrophages,” J.
Biol. Chem. 279(24):25680-8 (2004)). Furthermore, the
C-type mannose binding lectins hDC-SIGN and hL-SIGN (or
DC-SIGNR) have generated considerable interest for their
ability to bind and uptake pathogens including enveloped
viruses such as HIV, bacteria (Mycobacterium), fungi and
parasites in vitro (Y. van Kooyk and T. B. Geijtenbecek, “DC-
SIGN: escape mechanism for pathogens,” Nat. Rev. Immu-
nol. 3:697-709 (2003)), Dengue virus (E. Navarro-Sanchez et
al., “Dendritic-cell-specific ICAM3-grabbing non-integrin is
essential for the productive infection of human dendritic cells
by mosquito-cell-derived dengue viruses,” EMBO Rep. 4(7):
723-8 (2003)), Ebola virus (C. P. Alvarez et al., “C-type
lectins DC-SIGN and L-SIGN mediate cellular entry by
Ebola virus in cis and in trans,” J. Virol. 76(13):6841-4
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(2002)), Marburg virus (A. Marzi et al., “DC-SIGN and DC-
SIGNR interact with the glycoprotein of Marburg virus and
the S protein of severe acute respiratory syndrome coronavi-
rus,” J. Virol. 78(21):12090-5 (2004)), SARS-coronavirus
(id.), cytomegalovirus (F. Halary et al., “Human cytomega-
lovirus binding to DC-SIGN is required for dendritic cell
infection and target cell trans-infection,” Immunity 17(5):
653-64 (2002)), and hepatitis C virus (P. Y. Lozach et al.,
“C-type lectins L-SIGN and DC-SIGN capture and transmit
infectious hepatitis C virus pseudotype particles,” J. Biol.
Chem. 279(31):32035-45 (2004); E. G. Cormier et al.,
“L-SIGN (CD209L) and DC-SIGN (CD209) mediate
transinfection of liver cells by hepatitis C virus,” Proc. Natl.
Acad. Sci. USA 101:14067-72 (2004)) to facilitate entry into
cells and infection. Both hDC-SIGN and hL-SIGN contain
C-type-lectin-specific carbohydrate recognition domains
(CRD) that tightly bind to asparagines-linked high mannose
glycans in viral enveloped glycoproteins on a broad spectrum
of enveloped viruses in a calcium (Ca?)-dependent manner
(T.B. Geijtenbeek et al., “Identification of different binding
sites in the dendritic cell-specific receptor DC-SIGN for inter-
cellular adhesion molecule 3 and HIV-1,” J. Biol. Chem.
277:11314-11320 (2002)). The C-type lectins therefore con-
centrate viruses on cells expressing DC-SIGN or L-SIGN,
and facilitate binding and entry of viruses into cells.

Ithas been reported that DC-SIGN binds to HIV gp120 and
facilitate HIV transmission to T cells (J. F. Arrighi et al.,
“DC-SIGN-mediated infectious synapse formation enhances
X4 HIV-1 transmission from dendritic cells to T cells,” ] Exp
Med. 200(10):1279-88 (2004); T. B. Geijtenbeek et al.,
“Rhesus macaque and chimpanzee DC-SIGN act as HIV/SIV
gp120 trans-receptors, similar to human DC-SIGN,” Immu-
nol Lett. 79:101-7 (2001); M. Satomi et al., “Transmission of
macrophage-tropic HIV-1 by breast-milk macrophages via
DC-SIGN,” J. Infect. Dis. 191(2):174-81 (2005); E. J.
Soilleux et al., “Placental expression of DC-SIGN may medi-
ate intrauterine vertical transmission of HIV,” J. Pathol. 195:
586-592 (2001)). DC-SIGN and L-SIGN have been shown to
be high affinity binding rectors for hepatitis C virus glyco-
protein E2 (P. Y. Lozach et al., “DC-SIGN and L-SIGN are
high affinity binding receptors for hepatitis C virus glycopro-
teinE2,” J. Biol. Chem. 278(22):20358-66 (2003)), and medi-
ate transinfection of liver cells by hepatitis C virus (Lozach et
al., 2004, supra; Cormier et al., 2004, supra). DC-SIGN has
also been found to mediate Dengue virus infection of human
dendritic cells (Navarro-Sanchez et al., 2003, supra). Both
DC-SIGN and L-SIGN have been shown to mediate cellular
entry by Ebola virus in cis and in trans (Alvarez et al., 2002,
supra; G. Simmons et al., “DC-SIGN and DC-SIGNR bind
Ebola glycoproteins and enhance infection of macrophages
and endothelial cells,” Virology 305(1):115-23 (2003)). In
other reports, a broad spectrum of enveloped viruses includ-
ing Retroviridae (human immunodeficiency virus (HIV),
simian immunodeficiency virus (SIV) and feline immunode-
ficiency virus (FIV)), Flaviviridae (Dengue virus, West Nile
virus and hepatitis C virus (HCV)), Filoviridae (Ebola and
Marburg virus), Coronaviridae (severe acute respiratory syn-
drome coronavirus (SARS-CoV)), Togaviridae (Sindbis
virus) and Herpesviridae (human cytomegalovirus (human
CMYV)), has been reported to use DC-SIGN and/or L-SIGN as
recognition and adhesion receptor for enhanced infection in
vitro (P. Y. Lozach et al., “The C type lectins DC-SIGN and
L-SIGN: receptors for viral glycoproteins,” Methods Mol.
Biol. 379:51-68 (2007)).

DC-SIGN and L-SIGN are homotetrameric type Il mem-
brane proteins and can recognize a relatively large number of
N-linked carbohydrates, such as mannose-containing glyco-
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conjugates and fucose-containing Lewis bloodgroup antigen,
on viral enveloped glycoproteins through a C-terminal car-
bohydrate recognition domain (D. A. Mitchell et al., “A novel
mechanism of carbohydrate recognition by the C-type lectins
DC-SIGN and DC-SIGNR. Subunit organization and binding
to multivalent ligands,” J. Biol. Chem. 276:28939-28945
(2001); H. Feinberg et al., “Structural basis for selective
recognition of oligosaccharides by DC-SIGN and
DC-SIGNR,” Science 294:2163-2166 (2001)). Of the four
glycoproteins on PRRSV virion envelope, GP2a, GP3, GP4
and GP5 contain 2 to 7 N-glycosylation sites, respectively,
based on the computer prediction. Endoglycosidase treat-
ment suggested that all putative sites are occupied by com-
plex-type N-glycans (Meulenberg et al., 1998, supra). These
observations suggest that DC-SIGN/L-SIGN may interact
with one or more glycoproteins on PRRSV virion, thus medi-
ating PRRSV entry and endocytosis. DC-SIGN is expressed
on DCs and some types of macrophages, which are both
important targets for PRRSV replication. L-SIGN was found
to be expressed on sinusoidal endothelial cells and on placen-
tal macrophages. Placental expression of DC-SIGN was
found to mediate intrauterine vertical transmission of HIV
(Soilleux et al., 2001, supra). Coincidently, PRRSV is known
to cause severe reproductive diseases in pregnant sows.

SARS-Coronavirus, belonging to the family Coronaviri-
dae in the order Nidovirales together with the Arteriviridae
family in which PRRSV is a member, was also shown to use
the S glycoprotein to bind to DC-SIGN and L-SIGN during
virus infection and pathogenesis (Marzi et al., 2004, supra; 7.
Y. Yang et al., “pH-dependent entry of severe acute respira-
tory syndrome coronavirus is mediated by the spike glyco-
protein and enhanced by dendritic cell transfer through DC-
SIGN,” I. Virol. 78(11):5642-50 (2004)). Although PRRSV
and coronaviruses belong to the same super family, further
testing is necessary to determine whether PRRSV will simi-
larly use the DC-SIGN or L-SIGN for infection and patho-
genesis.

A recent study reported that the Nipah virus surface gly-
coprotein protein (NiV-G) was able to bind to hLSECtin and
hL.SECtin was the putative receptor for Nipah virus surface
glycoprotein protein (NiV-G) (T. A. Bowden et al., “Crystal
Structure and Carbohydrate Analysis of Nipah Virus Attach-
ment Glycoprotein: A Template for Antiviral and Vaccine
Design,” J. Virol. in press 2008). The interaction was medi-
ated by the GIcNAcf1-2Man terminal structures in NiV-G.
The envelope surface glycoproteins of Ebola virus (the trun-
cated glycans) as well as the spike protein of severe acute
respiratory syndrome coronavirus (SARS-CoV) bear these
carbohydrate motifs and are uniquely recognized by hL.SEC-
tin (T. Gramberg et al., “LSECtin interacts with filovirus
glycoproteins and the spike protein of SARS coronavirus,”
Virology 340(2):224-36 (2005)). Unlike hDC-SIGN and hL.-
SIGN, the hL.SECtin selectively bound to the glycoproteins
terminating in the disaccharide GlcNAcp1-2Man.

Furthermore, DC-SIGN and L-SIGN are considered two
independent genes in the genomic level in human. Due to
conserved sequences, they may have similar but distinct func-
tions as shown in previous DC-SIGN/L-SIGN human studies.
However, the biological or physiological role of L-SIGN is
limited to the liver (mMRNA of L-SIGN is only expressed in the
liver) whereas DC-SIGN functions in the dendritic cells
throughout the body.

Other related art has been published on human C-type
lectin and human DC-SIGN. For instance, U.S. Pat. No.
6,190,886 (Hoppe et al.) describes a polypeptide comprising
a collectin C-type lectin domain of human SP-D and the
neck-region-lectin domain purified from lysates of bacterial
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cultures induced to express the recombinant proteins,
wherein the polypeptide is able to trimerize in the collectin
neck region. The suggested uses for the trimerized polypep-
tides are seeding collagen formation, as peptide-ligands for
receptors, especially low-affinity binding (e.g., neuropep-
tides, interleukins), antigens, chemical compounds that are
reactive upon activation, e.g., photo-activatable chemical
crosslinkers, organic compounds such as catfeine and mor-
phine, low affinity binding domains especially for the screen-
ing of potential inhibitors in pharmaceutical research, etc.

U.S. Pat. No. 6,455,683 (Yang et al.) describes isolated
c¢DNA sequences encoding a human C-type lectin and three
homologues referred to as “CLAX” (C-type Lectin, Activa-
tion Expressed) proteins. The patent discloses methods of
using the nucleic acid sequences, polypeptides, fusion pro-
teins having all or a portion (e.g., an extracellular region) of
the human CLAX proteins, antibodies specific for the
CLAXs, ligands and inhibitors for the human CLAXs. It is
suggested that pharmaceutical compositions containing the
proteins are used for the prevention and treatment of infec-
tious, inflammatory and allergic diseases.

U.S. Pat. No. 6,280,953 (Messier et al.) provides methods
for identitying polynucleotide and polypeptide sequences in
human and/or non-human primates which may be associated
with a physiological condition, such as disease including
susceptibility (human) or resistance (chimpanzee) to devel-
opment of AIDS. The physiological trait includes resistance
to the progression of AIDS; the polynucleotide may be a
human DC-SIGN gene; and the modulated function is then
increased resistance to the progression of AIDS. It is sug-
gested that the sequences are useful as host therapeutic targets
and/or in screening assays.

U.S. Pat. No. 6,365,156 (Lee) relates to methods of
increasing the half-life of a viral-specific ligand to be admin-
istered on a mucosal membrane wherein said membrane is
colonized with bacteria, such as Lactobacillus, Streptococ-
cus, Staphylococcus, Lactococcus, Bacteriodes, Bacillus,
and Neisseria, by modifying the bacterial-specific ligand to
bind the bacteria colonized on the mucosal membrane. The
patent also discloses a chimeric molecule comprising a viral-
specific ligand such as CD4, DC-SIGN, ICAM-1, HveA,
HveC, poliovirus receptor, vitronectin receptor, CD21, or IgA
receptor sequences and a bacterial-specific ligand such as an
antibody, a peptide, a polypeptide, a protein or a carbohy-
drate.

U.S. Pat. No. 6,391,567 (Littman et al.) concerns human
DC-SIGN as a receptor that is specifically expressed on den-
dritic cells and facilitates infection of T lymphocytes with
Human Immunodeficiency Virus (HIV). The patent provides
assays for identifying compounds that modulate the interac-
tion of DC-SIGN and HIV and/or T cells and macrophage
wherein the compounds inhibit the trans-enhancement of
HIV entry into a cell.

U.S. Pat. No. 7,148,329 (Figdor et al.) deals with the use of
mannose, fucose, plant lectins, antibiotics, proteins or anti-
bodies against C-type lectins, that binds to a C-type lectin on
the surface of a dendritic cell, in the preparation of a compo-
sition for modulating the immune response by modulating the
adhesion of C-type lectin receptors on the surface of dendritic
cells to the ICAM-receptors on the surface of T cells. The
patent discloses antibodies that inhibit binding between den-
dritic cells and T-cells, that is, between DC-SIGN on the
surface of a dendritic cell and an ICAM-3 receptor on the
surface of a T-cell. The compositions are proposed for pre-
venting/inhibiting immune responses to specific antigens, for
inducing tolerance, for immunotherapy, for immunosuppres-
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sion, for the treatment of auto-immune diseases, the treatment
of allergy, and/or for inhibiting HIV infection.

As noted above, there is a biological relationship between
DC-SIGN and ICAM-3 as part of an immunological super-
family. The intercellular adhesion molecules (ICAMs) are
type I transmembrane glycoproteins belonging to a subfamily
in the immunoglobulin (Ig) superfamily. Thus far, five mem-
bers of the ICAM family (ICAMs 1-5) have been identified in
mammals (C. G. Gahmberg et al., “Leukocyte adhesion--
structure and function of human leukocyte beta2-integrins
and their cellular ligands,” Eur. J. Biochem. 245:215-232
(1997)). They share functional and structural Ig-like domains
and mediate cell-to-cell adhesion interactions relevant for the
function of the immune system (T. A. Springer, “Traffic sig-
nals for lymphocyte recirculation and leukocyte emigration:
the multistep paradigm,” Cell 76:301-314 (1994)). Except for
ICAM-5, all other ICAM members bind to the integrin LFA-1
(CD11a/CD18) but showing large variation in tissue distribu-
tions (Gahmberg et al., 1997, supra). These adhesive interac-
tions play important roles in mediating leukocyte trafficking
through inflamed and uninflamed tissues and contribute to
antigen-specific T-cell response. Of the ICAM members,
ICAM-3 is thought to be the dominant ligand for LFA-1
during the initiation of the immune response, since both
ICAM-1 and ICAM-2 are not expressed, or expressed at a
very low level, on resting leukocytes and antigen-presenting
cells (APC) (A. R. de Fougerolles et al., “Cloning and expres-
sion of intercellular adhesion molecule 3 reveals strong
homology to other immunoglobulin family counter-receptors
for lymphocyte function-associated antigen 1,” J. Exp. Med.
177:1187-1192 (1993)). The binding of ICAM-2 and
ICAM-3 to the C-type lectin, human DC-SIGN, has been
reported in that interaction of ICAM-3 with DC-SIGN estab-
lishes initial contact between dendritic cells and resting
T-cells during antigen presentation whereas binding of
ICAM-2 to human DC-SIGN regulates emigration of den-
dritic cells and transmigration through endothelium (T. B.
Geijtenbeek et al., “Identification of DC-SIGN, a novel den-
dritic cell-specific ICAM-3 receptor that supports primary
immune responses,” Cell 100:575-585 (2000); T. B. Geijten-
beek et al., “DC-SIGN-ICAM-2 interaction mediates den-
dritic cell trafficking,” Nat. Immunol. 1:353-357 (2000)).

Full-length ICAM molecules contain a signal peptide
sequence, two (ICAM2 and ICAM4), five (ICAMI1 and
ICAM3) or nine (ICAM-5) extracellular Ig-like domains, a
hydrophobic transmembrane domain (TMD), and a cytoplas-
mic tail (CT). Each Ig-like domain is encoded by a distinct
exon (G. Voraberger et al., “Cloning of the human gene for
intercellular adhesion molecule 1 and analysis of its 5'-regu-
latory region. Induction by cytokines and phorbol ester,” J.
Immunol. 147:2777-2786 (1991); C. M. Ballantyne et al.,
“Characterization of the murine Icam-1 gene,” Genomics
14:1076-1080 (1992)). Isoforms of murine ICAM-1 gener-
ated by alternative splicing have been identified in ICAM-1-
deficient mice (P.D. King et al., “Novel isoforms of murine
intercellular adhesion molecule-1 generated by alternative
RNA splicing,” J. Immunol. 154:6080-6093 (1995); N.K. van
Den Engel et al., “Circulating forms of intercellular adhesion
molecule (ICAM)-1 in mice lacking membranous ICAM-1,”
Blood 95:1350-1355 (2000)). Each murine ICAM-1 isoform
is generated from the complete skipping of exons encoding
Ig-like domains 2, 3, and/or 4. In addition, the existence of an
alternative 5' splice site in exon 6 also yields a murine
ICAM-1 isoform with a 69-nt deletion from the 3'-terminus of
exon 6 (J. P. Mizgerd et al., “Exon truncation by alternative
splicing of murine ICAM-1,” Physiol. Genomics 12:47-51
(2002)). In murine ICAM-4, a transmembrane-domain-lack-
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ing isoform causing by intron retention was also identified (G.
Lee et al., “Novel secreted isoform of adhesion molecule
ICAM-4: potential regulator of membrane-associated
ICAM-4 interactions,” Blood 101:1790-1797 (2003)). All the
ICAM isoforms identified to date are fully functional, indi-
cating that alternative mRNA splicing plays distinct roles in
different immune response pathways.

Two comparative sequence analysis studies based on
human-pig-mouse-rat or human-dog-mouse-rat genomic
regions revealed that the ICAM3 gene has been lost in the
rodent genome (H. Sugino, “ICAM-3, a ligand for DC-SIGN,
was duplicated from ICAM-1 in mammalian evolution, but
was lost in the rodent genome,” FEBS Lett. 579:2901-2906
(2005); T. Leeb and M. Muller, “Comparative human-mouse-
rat sequence analysis of the ICAM gene cluster on HSA
19p13.2 and a 185-kb porcine region from SSC 2q,” Gene
343:239-244 (2004)). The organization of ICAM3 genes in
human, non-human primates and bovine is similar, which
contains seven putative exons, and exons 3 to 7 are clustered
at the 3'-proximal region of the gene (P. Kilgannon et al.,
“Mapping of the ICAM-5 (telencephalin) gene, a neuronal
member of the ICAM family, to a location between ICAM-1
and ICAM-3 on human chromosome 19p13.2,” Genomics
54:328-330(1998); E.K. Lee et al., “Cloning and sequencing
of'a cDNA encoding bovine intercellular adhesion molecule
3 (ICAM-3),” Gene 174:311-313 (1996)). For porcine
ICAM-3, the gene sequence is not yet completely known
since only the region from exon 1 to partial exon 5 has been
identified and sequenced (Leeb and Muller, 2004, supra). In
addition, the cDNA of porcine ICAM-3 has not been identi-
fied thus far.

Nonsense mutations falling within an exon can induce
exon skipping during the pre-mRNA splicing process, which
is designated as nonsense-associated altered splicing (NAS)
(L. Cartegni et al., “Listening to silence and understanding
nonsense: exonic mutations that affect splicing,” Nat. Rev.
Genet. 3:285-298 (2002); L.E. Maquat, “The power of point
mutations,” Nat. Genet. 27:5-6 (2001); H. C. Dietz et al., “The
skipping of constitutive exons in vivo induced by nonsense
mutations,” Science 259:680-683 (1993)). NAS is usually
disease-associated, as has been shown in a few disease-caus-
ing genes (Cartegni et al., 2002, supra), since premature ter-
mination of translation would result in failing to produce a
functional protein. The mechanisms of NAS are believed to
be due to the occurrence of a translation-like nucleus scan-
ning before slicing, indirect nonsense-mediated mRNA
decay (NMD) or exonic splicing enhancer (ESE) disruption
(id.).

While human DC-SIGN is involved in the transmission of
various enveloped viruses such as human immunodeficiency
virus, hepatitis C virus, Dengue virus and SARS-Coronavirus
to their respective target cells, the characteristics and proper-
ties of DC-SIGN proteins obtained from other species have
not been shown to mimic hDC-SIGN as a rule. Therefore,
further testing is necessary to allocate the function of any
given DC-SIGN. Before the current discovery, the DC-SIGN
and other LSECtin related homologues from the pig species
had not yet been isolated, identified or characterized.

It is therefore an important object of the present invention
to obtain the cloning and characterization of the full nucleic
acid molecule encoding new porcine DC-SIGN and porcine
LSECtin proteins heretofore not described in the pig genome
database.

It is another important object of the invention to identify
and characterize the complete nucleic acid molecules encod-
ing new porcine ICAM-3 isoforms from in vitro cultured
porcine monocyte-derived dendritic cells.
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Itis anadditionally significant object of the invention to use
pDC-SIGN, pLSECtin, pICAM-3 alone or in certain combi-
nations as fused proteins with hDC-SIGN, hL-SIGN or
hL.SECtin in a new method for propagating viruses, particu-
larly enveloped viruses with an emphasis on porcine envel-
oped viruses, making use of new transfected cells or cell lines
stably expressing pDC-SIGN, pL.SECtin and/or pICAM-3.

It is a further object of the invention to raise an antibody
that specifically binds to an amino acid sequence of the pDC-
SIGN protein and is utilizable to enhance the immunogenic
activity of poor antigenic substances. Raising an antibody
that specifically binds to an amino acid sequence of the
pLSECtin and pICAM-3 proteins is also highly desirable.

Further purposes and objects of the present invention will
appear as the specification proceeds.

The foregoing objects are accomplished by providing and
isolating the new and complete nucleic acid sequences encod-
ing pDC-SIGN, pICAM-3 and pL.SECtin, using the nucle-
otide sequences encoding the proteins in specially designed
vectors to propagate enveloped viruses, raising antibodies
and the like.

BRIEF SUMMARY OF THE INVENTION

The present invention concerns the entire porcine DC-
SIGN gene and the cDNA clone obtained from porcine mono-
cyte-derived dendritic cells, plus the novel porcine DC-SIGN
protein encoded by the new gene. The invention also relates to
the full gene and cDNA obtained from liver tissue of a pig and
the novel encoded pL.SECtin protein. In addition, the inven-
tion encompasses two new cDNA isoforms of porcine
ICAM-3 isolated from in vitro cultured porcine monocyte-
derived dendritic cells. Specifically, the invention is drawn to
an isolated nucleic acid molecule comprising a nucleotide
sequence encoding one or more of porcine DC-SIGN, porcine
ICAM-3, porcine LSECtin, a complement of the nucleotide
sequence or a functional, defined portion of the nucleotide
sequence or certain protein fusion products that may be linked
with another protein that may be of porcine or human origin.
Also included within the scope of the invention are biologi-
cally functional plasmids, viral vectors and the like that con-
tain the new nucleic acid molecules described herein, stable
cells or cell lines transfected transiently by the plasmid or the
vector of the present invention and the polypeptide expression
products. An important embodiment of this invention further
embraces a new use for the porcine homologues in a method
for propagating viruses, particularly enveloped viruses.

BRIEF DESCRIPTION OF THE DRAWINGS

The background of the invention and its departure from the
art will be further described herein below with reference to
the accompanying drawings, wherein:

FIG. 1 shows the amplification of pDC-SIGN cDNA from
in vitro cultured porcine monocyte-derived dendritic cells
(MDDCs) by RT-PCR or RACE-PCR and amplification of
pDC-SIGN gene from pig genomic DNA by genomic PCR.
FIG. 1(a) shows the morphologic development of porcine
MDDC:s after 7-day in vitro culture of CD14 monocytes in the
presence of rpGM-CSF and rplL-4 at magnification=400x.
FIG. 1(b) shows the detection of a ~210-bp product with
expected size by RT-PCR with degenerate primers. FIG. 1(c)
shows the results of 5'-RACE and 3'-RACE PCR.

FIGS. 2a and 2b represent the complete nucleotide
sequence of pDC-SIGN ¢DNA (which corresponds to SEQ
ID NO:1) and its deduced amino acid sequence (which cor-
responds to SEQ ID NO:2). The 1,069-nucleotide sequence
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contains an open reading frame encoding a 240-aa protein
beginning at nt position 26. The predicted transmembrane
domain (TMD) is indicated by a dash-lined box and the
carbohydrate recognition domain (CRD) is underlined. The
polyadenylation signal is boxed. Arrows show the boundary
of exons.

FIG. 3 demonstrates the expression of pDC-SIGN (con-
struct pCI-PDCS) in transfected BHK-21 cells. FIG. 3(a)
provides the immunofluorescence assay (IFA) results at 48
hours post transfection with a pDC-SIGN-specific anti-pep-
tide polyclonal antibody (magnification=200x). Most cells
had a spreading cytoplasmic and membrane staining FIG.
3(b) shows that a few cells only had cell membrane staining
Inner panels indicate the magnification (400x) of the stained
cells. FIG. 3(c) represents the transfection of cells with the
vector pCl-neo as a negative control (200x). FIG. 3(d) shows
Western blot analysis using cell lysates of BHK-21 cells
transfected with plasmids pCI-PDCS or pCl-neo.

FIGS. 4a and 45 illustrate the cloning of the porcine DC-
SIGN gene in which FIG. 4(a) shows the amplification results
of'the porcine DC-SIGN gene pig genomic DNA by one-step
genomic PCR and FIG. 4(b) shows the assembly of one of the
three clones (GDCS-6) of porcine DC-SIGN gene from five
individual sequences using the respective sequencing prim-
ers, M13F, 2F, 3F, 4F and M13R.

FIGS. 5a, 5b, 5¢ and 5d represent the complete nucleotide
sequence (includes exons and introns) of the porcine DC-
SIGN gene localized on the chromosomal DNA (which cor-
responds to SEQ ID NO:3). The positions of exons 1-8, the
genomic PCR primers 1F and 4R and the sequencing primers
2F, 3F and 4F are indicated.

FIGS. 6a to 6d show the detection of pDC-SIGN expres-
sion in selected pig tissues and cell populations by RT-PCR
and flow cytometry. FIG. 6a represents the RT-PCR expres-
sion profile showing the mRNA expression of pDC-SIGN.
Pig tissue cDNA were used as templates in PCR reactions
with primers PDCS-ES6F/PDCS-E78R or porcine GAPDH-
specific primers. FIGS. 65 to 64 demonstrate the detection of
pDC-SIGN expression on defined porcine cell populations
and cell lines. Porcine PBMC were isolated by centrifugation
on Ficoll and assessed for forward and side scatter properties.
The peripheral blood lymphocytes (PBL, CD14~ cells) and
monocytes (CD14* cells) were separated by immunomag-
netic labeling MACS system using anti-CD14 monoclonal
antibody. In the other panels, the expression of pDC-SIGN on
PBL, monocytes, monocyte-derived dendritic cells (MD-
DCs), monocyte-derived macrophages (MDM®s), porcine
alveolar macrophages (PAM), porcine monocytic cell line
3D4/31 and porcine kidney epithelial cell line PK15 were
assessed by staining with anti-pDC-SIGN antibody (cross-
hatched histograms). Dashed open histograms indicate back-
ground controls. Data are representative of three independent
experiments.

FIG. 7 illustrates the detection of pDC-SIGN protein
expression by immunohistochemistry (IHC) in pig lymph
node tissues but not in pig liver tissues. Localization of pDC-
SIGN protein expression was examined by IHC using ABC
method on paraffin sections of pig lymph nodes (a, ¢, d) and
pig livers (b). FIG. 7(a) shows that pDC-SIGN protein was
preferentially expressed in lymph node sinuses (supcapsular
sinuses). FIG. 7(b) shows that pDC-SIGN protein was not
expressed in pig liver. FIG. 7(c) shows that most of the cells
immunostained with pDC-SIGN-specific anti-peptide anti-
body in sinuses were morphologically macrophage-like (ar-
row) and dendritic-like cells (arrowhead). FIG. 7(d) shows
that lymphatic vessel endothelial cells in parenchyma were
also immunostained with pDC-SIGN-specific antibody.
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FIGS. 8a to 8¢ show the binding of human ICAM-3 and
ICAM-2 immunoadhesins to BHK cells stably expressing
pDC-SIGN. FIG. 8a provides the detection of surface expres-
sion of pDC-SIGN protein on stable BHK cell lines. BHK-21,
and unsorted or sorted BHK-PDCS cell lines were stained
with anti-pDC-SIGN antibody and FITC-labeled goat anti-
rabbit IgG, respectively, and analyzed by flow cytometry.
Dashed open histograms represented the background staining
The expression of pDC-SIGN was indicated by the cross-
hatched histograms. Expression of hDC-SIGN on the surface
of 3T3-HDCS cell line was also verified by staining with a
hDC-SIGN monoclonal antibody (right, bottom panel).
FIGS. 86 to 8e illustrate the calcium-dependent binding of
human ICAM-3 and ICAM-2 immunoadhesins to BHK-
PDCS and 3T3-HDCS cells. Dashed open histograms repre-
sent cells staining only with a FITC labeled anti-human IgG
Fc antibody. Results are representative of three independent
experiments. Data are expressed as histogram analysis of
10,000 cells.

FIGS. 9a to 9d provide the infectious results of Porcine
Reproductive and Respiratory Syndrome Virus (PRRSV) in
BHK-PDCS cells. FIG. 9a shows that PRRSV is replication-
competent in BHK-PDCS cells by transfection with a modi-
fied PRRSV infectious cDNA clone expressing GFP (left
panel) and the released virus is able to infect target MARC-
145 cells (right panel). GFP signal was directly monitored at
48 hours post-transfection in BHK-PDCS cells or at 72 hours
post infection in MARC-145 cells (magnification=100x).
FIG. 96 shows the comparison of PRRSV binding on BHK-
PDCS and BHK-21 cell lines. Dotted open histograms rep-
resent control cells incubated without PRRSV inoculation but
stained with anti-PRRSV mAb SDOW17-A and FITC-la-
beled goat anti-mouse IgG. Cells inoculated with the virus
and incubated with the two antibodies are indicated by cross-
hatched histograms. FIG. 9¢ shows that both PRRSV strain
PGXG and strain VR2385 blocked hICAM-3 binding to the
BHK-PDCS cell line. BHK-PDCS cells were incubated with
either PGXG or VR2385 (M.O.1.=10FFU per cell) for 60 min
at 4° C. before the addition of hICAM-3-Fc. The stained cells
were analyzed using FACS as described herein. Data are
presented as the mean fluorescence intensity normalized to
the untreated control (addition of a hICAM-3-Fc and a FITC
labeled anti-human IgG Fc antibody only)+SD. Asterisks
indicated statistical difference compared with the untreated
control (p<0.05). FIG. 94 shows that PRRSV transmission
mediated by BHK cells was enhanced by pDC-SIGN. Trans-
mission of either PRRSV PGXG or PRRSV VR2385 using
BHK-PDCS, BHK-21 and MARC-145 cells as donor cells
and MARC-145 cells as target cells and titration of PRRSV
were performed as described in the examples. Donor cells
co-cultured with MARC-145 target cells not exposed to
PRRSV were used as mock-transmission control and the
results were not shown in the figure (no virus detected).
Asterisk indicated statistical difference for PRRSV VR2385
strain between BHK-PDCS and BHK-21 cells (p<0.05).

FIG. 10 illustrates the amplification of porcine ICAM-3
c¢DNA from in vitro cultured porcine monocyte-derived den-
dritic cells (MDDCs) by RACE-PCR. FIG. 10(a) demon-
strates the identification of two isoforms (~800 by each) by
5-RACE PCR. FIG. 10(5) confirms the detection of a ~700
by products by 3'-RACE PCR.

FIGS. 11a and 1156 provide the complete nucleotide
sequence of porcine ICAM-3 ¢cDNA (which corresponds to
SEQ ID NO:4) and predicted protein sequence (which corre-
sponds to SEQ ID NO:5). The nucleotide position is labeled
on the right and the amino acid (aa) position is labeled under
each residue. A small open reading frame predicted to encode
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a 63-aa peptide (which corresponds to SEQ ID NO:38),
which is upstream the putative ICAM-3 coding region in the
large 5'-RACE PCR product, is indicated in parenthesis. The
sequence of the deletion nucleotide region found in the small
5'-RACE PCR product (which corresponds to SEQ ID
NO:39) is shown in a dashed box. The putative signal peptide
is indicated by a double-dashed line and the potential poly-
adenylation signal is indicated by a dashed line. The heavy
underlined sequence represents the predicted transmembrane
region. Potential N-glycosylation sites are indicated by
—N—. Proposed start points for Ig-like domains 1-3 and
transmembrane domain (TMD) plus cytoplasmic tail (CT)
are marked with arrows above the corresponding nucleotide
sequence.

FIGS. 124 and 125 give the schematic representation of the
proposed nonsense-associated altered splicing (NAS) of por-
cine ICAM-3 gene. FIG. 12a shows the comparison of the
pre-mRNA splicing and protein expression between porcine
ICAM-3 and primates/bovine ICAM-3. All the ICAM-3s
share similar genomic structure, which contains seven puta-
tive exons (E1 to E7), and exons 3 to 7 are clustered at the
3'-proximal region of the genome. In primates and bovine
species, routine pre-mRNA splicing occurs, resulting in the
inclusion of all 7 exons (illustrated with heavy lines and
arrows). Exon 1 encodes the signal peptide, exons 2 through
6 encode D1 through D3, respectively, and exon 7 encodes
transmembrane domain plus cytoplasmic tail. In porcine
specie from this study, absence of D4 and D5 in the predicted
ICAM-3 protein is proposed to result from continuous skip-
ping of exons 5 and 6 (e5 and e6) during the pre-mRNA
splicing process (illustrated with light lines and arrows). The
partial, known genomic DNA sequence of porcine [CAM-3 is
referred from AJ632303 (clone RP44-379M9) while the
remaining unknown sequence of porcine ICAM-3 is deter-
mined in the experiments for the present invention. FIG. 126
gives the determination of the sequence of the unknown
region between e5 and E7 of porcine ICAM-3 gene by
genomic PCR amplification of a genomic DNA fragment
using primers PIC53 and PIC58 (series of sequences from left
to right box correspond to SEQ ID NO:40, SEQ ID NO:41
and SEQ ID NO:42, respectively). Compared to primates/
bovine ICAM-3s, porcine ICAM-3 exon 5 contains a 3-nt
in-frame nonsense mutation (CTT to TGA, underlined) while
exon 6 contains four in-frame nonsense mutations (under-
lined) due to an upstream 4-nt deletion (AAAG). The point
mutation (g to a) at the first nucleotide of putative splice donor
site in intron 6 (16) is indicated with asterisk.

FIG. 13 depicts the amplification of the intermediate and
final products (isoforms) of pLSECtin pre-mRNA during
splicing from pig liver by RT-PCR and amplification of
pLSECtin gene from pig genomic DNA by genomic PCR.
Dashed-line arrows showed the spliced intermediate prod-
ucts; solid-line arrows indicated the isoforms and pL.SECtin
gene.

FIGS. 14a to 14¢ show the gene structure and nucleotide
sequence of the cDNA of pLLSECtin. FIG. 144 provides the
gene structure of pLSECtin gene. The top row displayed the
exon allocation of domains. The below row represented the
domain structure of the putative pLSECtin coding region. CT:
Cytoplasmic tail; TMD: Transmembrane domain; CRD: Car-
bohydrate recognition domain. Un-translated regions in
exons 1 and 9 were shown as open boxes. FIGS. 146 and 14¢
provide the complete nucleotide sequence of pLSECtin
c¢DNA (which corresponds to SEQ ID NO:36) and its
deduced amino acid sequence (which corresponds to SEQ ID
NO:37). Extra nucleotide sequences at both termini in the
noncoding region of pL.SECtin ¢cDNA that were not deter-
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mined in this study were included with dashed underlines.
The two in-frame initiation codons and the stop codon were
boxed. Two potential internalization motifs, YSKW and EE in
the CT, were indicated by dashed-lined boxes. The putative
TMD was indicated by a double-lined box and the carbohy-
drate recognition domain (CRD) is underlined. Two predicted
glycosylation sites in the neck region were marked by dotted
underlines. The polyadenylation signal (AATAAA) was indi-
cated by capitals. Arrows show the boundary of exons.

FIGS. 15a to 15¢ illustrate a comparison of the gene
sequences and numbers of exons of pL.SECtin gene with other
LSECtin homologues as well as pDC-SIGN gene generated
by the mVISTA program. Conserved regions between pairs of
sequences are displayed as peaks of similarity (Y axis) rela-
tive to the positions of the gene sequence of pL.SECtin (X
axis). The dark boxes above the plots represent the nine exons
of the pLSECtin gene. The peaks in the same dark shading
indicate conserved regions within exons while the peaks
shown by single hatching (also where it lacks any shading
above the boxes) denote conserved regions within introns.
The cutoff value of percent identity is set to 70%. The human
and chimpanzee LSECtin pseudogenes lost their protein-cod-
ing ability due to a point mutation (G to A) at the proposed
start codon. The two rhesus macaque LSECtin pseudogenes
are unable to encode functional LSECtin proteins due to a
1-nt insertion or a 1-nt deletion leading to the frame shift. The
exon 4 sequence of chimpanzee LSECtin gene is not available
thus far. Abbreviations: porcine LSECtin (pLSECtin), bovine
LSECtin (bLSECtin), canis LSECtin (calL.SECtin), equine
LSECtin (eLSECtin), human LSECtin (hLSECtin), human
LSECtin pseudogene (hpL.SECtin), chimpanzee LSECtin
(chLSECtin), chimpanzee LSECtin pseudogene (chpL.SEC-
tin), rhesus macaque LSECtin pseudogene (rhpL.SECtin),
mouse LSECtin (mL.SECtin), rat LSECtin (tfLSECtin), opos-
sum LSECtin (opLSECtin), platypus LSECtin (p1LSECtin),
and porcine DC-SIGN (pDC-SIGN).

FIG. 16 shows a proposed order of intron removal from
porcine LSECtin pre-mRNA. Boxes with numbers 1 to 9
represent the nine pLSECtin exon sequences. The eight intron
sequences, letters A to H, are indicated by the black lines
between the exons. The arrows show the splicing pathway.
The gene, splicing intermediate products and isoforms
detected by RT-PCR are indicated with their respective sizes
shown on the left.

FIG. 17 demonstrates the detection of pLSECtin mRNA
expression in selected pig tissues by RT-PCR. Pig tissue
cDNA were used as templates in PCR reactions with primers
PLST-E67F/PLST-E89R or porcine GAPDH-specific prim-
ers.

DETAILED DESCRIPTION OF THE INVENTION

In accordance with the present invention, there are pro-
vided isolated nucleic acid molecules, heretofore unknown,
comprising nucleotide sequences encoding one or more pro-
teins selected from the group consisting of porcine DC-SIGN
(pDC-SIGN), porcine ICAM-3 (pICAM-3), porcine LSEC-
tin (pLSECtin), complements of at least one of the nucleotide
sequences and the functional fragments that comprise a func-
tional, defined portion of at least one of the nucleotide
sequences.

Using genomic PCR techniques, this invention shows the
molecular cloning and characterization of the entire gene and
c¢DNA sequence encoding the unique pDC-SIGN isolated
from in vitro cultured porcine monocyte-derived dendritic
cells of Sus scrofa (wild boar, a member of the pig family).
Unlike the computer-based screening of DC-SIGN homo-
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logues in the genome databases of mouse and other species
previously described in the literature, DC-SIGN-related por-
cine gene sequences have not been available in the pig
genome database and, thus, provided a challenge to clone the
full nucleic acid sequence.

Also included in the scope of the present invention is the
complete gene and cDNA sequence encoding the new
pLSECtin protein isolated from porcine liver tissue. The dis-
closure of this invention depicts the tissue and cellular distri-
bution of the relevant porcine proteins, illustrates the cross-
interactions between pDC-SIGN and hICAM-3, shows the
cross-interactions between pDC-SIGN and hICAM-2 and, of
particular significance, demonstrates the enhancement of
PRRSV transmission to target cells in trans by pDC-SIGN.

The basis for the present invention lies in the reports that
hDC-SIGN and hL.-SIGN may be binding receptors for many
enveloped viruses, especially those viruses that replicate in
macrophages and dendritic cells such as PRRSV. Human
DC-SIGN may also mediate PRRSV pathogenesis in the
reproductive system and be involved in reproductive failure.
Now that the porcine-specific DC-SIGN and pL.SECtin genes
are herein identified and compared to hDC-SIGN and hl.-
SIGN with the present observation of unexpected similarities
in protein structures, it is herein determined that PRRSV may
utilize pDC-SIGN to facilitate entry into macrophages and
dendritic cells, and the expression of pDC-SIGN in replica-
tion-competent cells such as BHK-21 can result in productive
PRRSV replication. As such, the present invention is further
drawn to genetically engineered stable, transfected cells or
cell lines that will efficiently support productive PRRSV rep-
lication.

Surprisingly observed in connection with the present
invention is that porcine LSECtin is highly identical with
human LSECtin at the amino acid level, which shows that
pLSECtin shares the same carbohydrate-protein interaction
pattern as hLSECtin. Previous studies reported the ability of
the Nipah virus surface glycoprotein protein (NiV-G) to bind
to human [L.SECtin and the possible function of the hL.SECtin
as the putative receptor for NiV-G (T. A. Bowden et al., in
press 2008, supra). Other studies reported that the envelope
protein of Ebola virus as well as the spike protein of SARS-
CoV bear the same carbohydrate motifs and are also recog-
nized by h[.SECtin (T. Gramberg et al., 2005, supra). Due to
the similarities now seen between the newly discovered
pLSECtin of the invention and hL.SECtin, the new pL.SECtin
may serve as a pathogen recognition receptor (PRR) to trigger
the host innate immune responses and facilitate the transmis-
sion and spread of Nipah virus or other pathogenic porcine
enveloped viruses during the infection in pig. As such, the
utility of pL.SECtin includes the design of specific antivirus
drugs (for instance, carbohydrate ligands, siRNA, etc.) to
block the virus-pLL.SECtin interaction, the development of
virus vaccines that contain factors stimulating the pL.SECtin-
dependent antigen recognition and improving host innate
immune responses to enhance the efficacy of the vaccines,
and the like.

Also included in the present invention are fused or fusion
proteins. While the fusion protein may comprise pL.SECtin
linked to pDC-SIGN, the fused protein may also comprise
pLSECtin or pDC-SIGN linked to the functional, defined
portions of the other protein. Either alone or fused, pL.SECtin,
pDC-SIGN or the functional, defined portions thereof may be
further fused to at least one protein selected from the group
consisting of hDC-SIGN, hLL-SIGN, hL.SECtin and a combi-
nation thereof, or a functional, defined portion thereof The
functional, defined portions of the proteins relate to those
domains or regions identified as having immunogenic func-
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tion, receptor activity or binding capacity in the pig or human
homologues, for example, the carbohydrate recognition
domain of pDC-SIGN or pLSECtin, the cytoplasmic tail, the
transmembrane domain or the repeat neck region of hDC-
SIGN, hL-SIGN, hLLSECtin or a combination thereof.

In a preferred embodiment, the fused or fusion protein may
contain the carbohydrate recognition domain (CRD) of pDC-
SIGN or pL.SECtin that is responsible for capturing antigens
and the cytoplasmic tail (CT), the transmembrane domain
(TMD) and the repeat neck region of hDC-SIGN, hL.SECtin
or hLL.-SIGN responsible for absorbing or engulfing the cap-
tured antigens into the cells by endocytosis.

Certain enveloped viruses such as PRRSV canonly grow in
limited cell lines such as the MARC-145 cell line to a limited
extent and are difficult to cultivate in sufficient titers. Other
cell lines such as a culture of BHK-21 cells allow PRRSV to
replicate inside the cell but it does not allow PRRSV to spread
from cell-to-cell, which means the virus cannot enter into
other uninfected BHK-21 cells making antigen production
and hence the manufacture of viable vaccine products a chal-
lenge. Advantageously, the PRRSV receptor, namely, the
pDC-SIGN, pICAM-3, pLSECtin, etc., but desirably, the
pLSECtin, pDC-SIGN or its fused protein construct, can be
stably expressed on the surface of BHK-21 cells (i.e., the
bioengineered BHK-21 cell line) allowing the virus to enter
into other uninfected cells and propagate to sufficient titers.

An important aspect to the present invention, therefore,
embraces a new and highly beneficial method of propagating
viruses, preferably enveloped viruses (which are mainly RNA
viruses) and particularly those viruses that cannot be propa-
gated in cell culture at all or to a limited degree, in a suitable
cell line. Of particular advantage to the method is the plasmid
or vector stably expressing the proteins or fused protein con-
struct of the invention for use in culturing enveloped porcine
viruses, such as, for instance, Porcine Reproductive and Res-
piratory Syndrome virus (PRRSV), Porcine Respiratory
Coronavirus (PRCV), Porcine Epidemic Diarrhea Virus
(PEDV), porcine endogenous retroviruses, porcine cytome-
galovirus, Swine Influenza Virus (SIV), African swine fever
virus, classical swine fever virus, swine poxvirus, Porcine
Hemagglutinating Encephalomyelitis Virus (PHEV) and the
like, as well as Transmissible Gastroenteritis Virus (TGEV),
Japanese Encephalitis Virus (JEV), human immunodefi-
ciency virus (HIV), Dengue virus, West Nile virus, Ebola
virus, Marburg virus, Severe Acute Respiratory Syndrome
Coronavirus (SARS-CoV), feline coronavirus, human
cytomegalovirus (human CMV), hepatitis C virus (HCV),
herpes simplex virus, type A influenza virus, type B influenza
virus, type C influenza virus, Simian Immunodeficiency
Virus (SIV), feline immunodeficiency virus (FIV), Sindbis
virus, Nipah virus, Hendra virus, bovine viral diarrhoea virus,
pseudorabies virus, vesicular stomatitis virus, rabies virus,
Eastern equine encephalitis virus, equine arteritis virus
(EAV), etc. Preferably, the new method is employed to sig-
nificantly improve the propagation of PRRSV for purposes of
manufacturing porcine vaccines. Non-enveloped viruses like
hepatitis E virus (HEV), porcine circovirus type 2 and others
can also be used in the new method.

According to this novel method of the invention, a new
bioengineered cell or cell line stably expressing pDC-SIGN,
pICAM-3, pLSECtin, a complement of at least one of the
nucleotide sequences, a functional, defined portion thereof or
the related fused protein product is used to propagate the
viruses. The expressed protein serves as the viral receptor to
capture and uptake the virions into the cells. The presence of
the porcine protein in this method provides a surprising
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advantage by aiding in cell-to-cell transfer of the virus
thereby significantly enhancing the propagation of the
viruses.

In one regard, the improved method employs the following
steps: (a) providing a transfected cell or cell line containing a
nucleotide sequence encoding one or more proteins selected
from the group consisting of pDC-SIGN, pICAM-3 and
pLSECtin, a complement of at least one of the nucleotide
sequences and a functional, defined portion of at least one of
the nucleotide sequences; (b) growing the transfected host
cell or cell line in cell growth medium to form a culture; (c)
inoculating said culture with the virus; and (d) incubating the
inoculated culture in suitable virus medium under conditions
effective to propagate the virus in the culture. The method
may optionally and further comprise incubating the inocu-
lated culture until cytopathic effect is observed or high titer is
achieved; or lysing the cells to release intracellular virions;
and (g) harvesting virus antigen.

The unique method for propagating viruses for process
development may also involve the basic steps of: (a) trans-
fecting a suitable cell with a vector comprising a nucleotide
sequence encoding one or more proteins selected from the
group consisting of pDC-SIGN, pICAM-3 and pLL.SECtin, a
complement of at least one of the nucleotide sequences and a
functional, defined portion of at least one of the nucleotide
sequences or a fused protein as described herein in a manner
allowing expression of the polypeptide product; (b) growing
the cell that stably expresses the protein or the fusion
polypeptide product to monolayer with an appropriate cell
growth medium; (c¢) removing growth medium, inoculating
virus stock into the cells followed by an initial short incuba-
tion period for usually one hour at 37° C.; (d) adding virus
medium and culturing the virus for 2 to 3 days until the
quantity of virus reaches a sufficient level as shown by CPE
(cytopathic effect) or high titer depending on the virus; and
(e) lysing the cells to release intracellular virions, performing
virus titration and freezing the virus stock.

The unique porcine DC-SIGN gene is found to be homolo-
gous to human DC-SIGN and mouse SIGNR family but with
certain variations as described herein. The new porcine DC-
SIGN protein is found to have 240 amino acids and to be a
type 1I transmembrane protein. Its C-terminus extracellular
region contains a carbohydrate recognition domain (CRD).
Surprisingly, the deduced amino acid sequence of porcine
DC-SIGN is phylogenetically more closely-related to mouse
SIGNR7 and SIGNRS than to human DC-SIGN, non-human
primate DC-SIGNs or other mouse SIGNR homologues,
indicating a distinct evolutionary pathway of porcine DC-
SIGN. Transient expression of porcine DC-SIGN protein on
the surface of BHK-21 cells transfected with a eukaryotic
expression plasmid containing the gene was confirmed by
immunofluorescence assay with a specific anti-peptide por-
cine DC-SIGN antibody.

By using degenerate RT-PCR primers based upon the
human, non-human primates and mouse DC-SIGN genes, a
short fragment with sequence homologous to human DC-
SIGN (hDC-SIGN) was amplified from in vitro cultured por-
cine monocyte-derived dendritic cells. Based upon the initial
resulting sequence, both the complete cDNA and the gene of
porcine DC-SIGN homologue were subsequently determined
by rapid amplification of cDNA ends (RACE)-PCR. Further,
expression of the porcine DC-SIGN gene was found to local-
ize to the cell surface, confirming the transmembrane prop-
erty of the protein. Subsequently, a pDC-SIGN-specific anti-
body was generated and a stable cell line expressing pDC-
SIGN was developed. The gene structure, tissue and cellular
distributions and in vitro binding property of pDC-SIGN to
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human ICAM-3 and ICAM-2 immunoadhesins as well as the
potential interaction between pDC-SIGN and PRRSV were
characterized.

An important embodiment of the present invention, there-
fore, is drawn to the isolated or purified nucleic acid molecule
encoding pDC-SIGN or a cDNA clone thereof or the protein
fusion product constructed from pDC-SIGN, alone or linked
to hDC-SIGN, hL-SIGN, hL.SECtin or any combination
thereof Desirably, the nucleotide sequence encoding pDC-
SIGN comprises SEQ ID NO:1 or its complementary strand.
Conventional methods that are well known in the art can be
used to make the complementary strands or the nucleotide
sequences possessing high homology to SEQ ID NO:1, for
instance, by the art-recognized standard or high stringency
hybridization techniques.

Another important embodiment of the present invention is
directed to the identification and characterization of the
c¢DNA and complete gene encoding pL.SECtin. Full-length
pLSECtin cDNA encodes a type II transmembrane protein of
290 amino acids. It is now found that porcine LSECtin gene
has the same gene structure as the human LSECtin gene as
well as the predicted bovine, canis, mouse and rat LSECtin
genes with nine exons. A multi-species-conserved site at the
extreme 3'-untranslated region of LSECtin mRNAs was pre-
dicted to be targeted by microRNA miR-350 in domesticated
animals and by miR-145 in primates, respectively. Similar to
human LSECtin, pLSECtin mRNA expression was distrib-
uted in liver, lymph node and spleen. A series of sequential
intermediate products of pL.SECtin pre-mRNA were also
identified during splicing from pig liver.

Also included within the scope of the present invention are
biologically functional plasmids, viral vectors and the like
that contain the new nucleic acid molecule or fusion product
described herein, suitable cells transfected transiently by the
plasmid or the vector of the present invention and the
polypeptide expression products. For purposes of the inven-
tion, the vector, in a broad sense, may be any commercially
available, standard viral vector or comparable biologically
functional plasmid known to those of ordinary skill in the art,
but is preferably pTriEx-1.1 Neo to achieve optimal and
advantageous results from the exemplified recombinant
bicistronic vector pTriEx-PDCS of the present invention.

By way of illustration and comparison, pTriEx-1.1 Neo for
the construction of the recombinant bicistronic vector
pTriEx-PDCS and the generation of a BHK-21 cell line stably
expressing porcine DC-SIGN as described herein provides a
significant advantage over other vectors. The pTriEx-PDCS
and pCI-PDCS constructs were each designed to generate the
BHK-21 cell line stably expressing pDC-SIGN and then
tested by flow cytometry analysis to estimate the percentage
of cells transfected transiently. The results of the pCI-PDCS
construct showed approximately 10% to 30% expression
(FIG. 3) of pDC-SIGN by transient transfection of the pCI-
PDCS plasmid. In sharp contrast, the flow cytometry sorting
shown in the upper second panel of FIG. 8a demonstrates
more than 95% of the cells in the new constructed cell line
expressed pDC-SIGN with the use of pTriEx-PDCS com-
pared to the vector-transfected control. Details of both experi-
ments are described hereinbelow.

It is highly desirable for the process to utilize G418 resis-
tance screening or similar screening techniques known to
those of ordinary skill in the art for optimal transfection
results and the construction of cells or cell lines stably
expressing the proteins of the invention. Suitable cells or cell
lines that can be transfected to stably express pDC-SIGN,
pICAM-3 and/or pLSECtin, being particularly useful for
virus propagation, increasing virus yields and inducing
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immune responses, especially increasing the immune
responses to the porcine antigens, include, but are not limited
to, a culture of BHK-21, MARC-145, PK-15, COS-7, VERO,
CV-1, LLC-MK2, MDCK, MDBK, Raji B, CHO-K1, 3D4/
31, SJPL, IPEC-J2, THP-1, RAW 264.7, ST cells, MA-104,
2937, etc., though preferably the host cell comprises the
culture of BHK-21 cells, MARC-145 cells or other dendritic,
macrophagic, monocytic, trophoblastic, lymphocytic cell
lines and the like, desirably monocyte-derived dendritic cells,
interstitial dendritic cells, etc. The novel expression, propa-
gation and related methods described herein makes use of
such suitable cell or cell line stably expressing pDC-SIGN or
its derived fusion construct that is generated as a viral recep-
tor that would allow virus entry into the host cells. While the
terms are used herein interchangeably for purposes of the
present invention, the term “host cell” refers to primary cells
that are cultured directly from and outside of an animal or
person, that is, the host cells of the invention are intended to
be on a microscopic or microbial level, and not based on the
infection of a whole animal or human. The term “cell” refers
to the initial type of isolated cells that do not belong to a host
(for example, pig) cell line. The term “cell line” refers to an
established cell line representative of a particular cell type.

A particularly preferred protein or polypeptide, as the com-
mon terms are used interchangeably, embraces the isolated
pDC-SIGN polypeptide having the amino acid sequence set
forth in SEQ ID NO:2 and FIGS. 2a-2b, the isolated
pICAM-3 polypeptide having the amino acid sequence set
forth in SEQ ID NO:5 and FIGS. 11a-115b, and the isolated
pLSECtin polypeptide having the amino acid sequence set
forth in SEQ ID NO:37 and FIGS. 145-14c¢. The biologically
active variants of the porcine proteins are further encom-
passed by the invention. One of ordinary skill in the art would
know how to modify, substitute, delete, etc., amino acid(s)
from the polypeptide sequence and produce biologically
active variants that retain the same, or substantially the same,
activity as the parent sequence without undue effort.

To produce or express the polypeptide products of the
invention, particularly pDC-SIGN, pLSECtin or its fusion
protein construct, the process may include the following
steps: growing, under suitable nutrient conditions, prokary-
otic or eucaryotic host cells transfected with the selected
nucleic acid molecule in a manner allowing expression of the
polypeptide product or polypeptide fusion product, and iso-
lating the desired polypeptide product of the expression of
said nucleic acid molecule by standard methods known in the
art. The nucleic acid molecules for transfection include, for
example, the nucleotide sequence encoding one or more pro-
teins selected from the group consisting of pDC-SIGN,
pICAM-3 and pLL.SECtin, a complement of at least one of the
nucleotide sequences and a functional, defined portion of at
least one of the nucleotide sequences, or the fusion protein
described herein. It is contemplated that the porcine proteins,
fused proteins, etc. of the invention may be prepared by other
techniques such as, for example, biochemical synthesis and
the like.

Another important embodiment of the present invention is
directed to the isolated monoclonal or polyclonal antibodies
that are raised against and specifically bind to pDC-SIGN and
particularly to the amino acid sequence of SEQ ID NO:2 but
also the antibodies raised against pICAM-3 and pL.SECtin
which would specifically bind to the respective amino acid
sequences of SEQ ID NO:5 and SEQ ID NO:37. Preferably,
the antibody is polyclonal and the polyclonal antibody spe-
cifically binds to the peptide regions comprising SEQ ID
NO:13, SEQ ID NO:14 or a combination of SEQ ID NO:13
and SEQ ID NO:14. Also included within the scope of the
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invention are natural or artificially synthesized oligosaccha-
ride ligands, such as, for example, mannose-, fucose- or
galactose-containing oligosaccharides and the like, that spe-
cifically bind to pDC-SIGN and particularly to the amino acid
sequence of SEQ ID NO:2 or pICAM-3 or pL.SECtin as well
as the hybridoma cell line that produces the antibodies rec-
ognizing pDC-SIGN, pICAM-3 and pL.SECtin but desirably
pLSECtin or pDC-SIGN. The antibodies, the oligosaccharide
ligand and the hybridoma cell lines may be prepared by the
methods described herein as well as by standard methods
known to those of ordinary skill in the art.

The binding of an oligosaccharide ligand to one or more of
the porcine proteins such as pDC-SIGN may be mediated, for
instance, by generation of a polypeptide antigen-oligosaccha-
ride complex through a biotin-streptavidin system. First, the
polypeptide antigen is chemically coupled to streptavidin.
Subsequently, streptavidin-antigen conjugates are linked to
oligosaccharide-PA A-biotin via streptavidin-biotin binding.
For an in vitro study, a cell line stably expressing the porcine
protein such as, for example, pDC-SIGN is incubated with
antigen-oligosaccharide conjugates, to investigate the ligand
internalization, to confirm its activity and to compare the
activation of antigen-specific effector T-cell with that induced
by polypeptide only. In addition to oligosaccharide ligands,
the anti-pDC-SIGN antibody, anti-pICAM-3 antibody or
anti-pL.SECTin antibody can be used to cross-link to a
polypeptide antigen to target the respective pDC-SIGN,
pICAM-3 or pLSECtin receptors. Adding pDC-SIGN-spe-
cific oligosaccharide or anti-pDC-SIGN antibody concen-
trates the antigen to the immature dendritic cells that initiate
the immune response.

Basically, the hybridoma cell line of the present invention
may be prepared by: Immunization of mice with a porcine
protein antigen of this invention and selection of mouse
donors for generation of hybridoma cells; screening of mice
for antibody production; preparation of myeloma cells;
fusion of myeloma cells with immune spleen cells; cloning of
hybridoma cell lines by limiting dilution; and expansion and
stabilization of clones by ascites production. It is contem-
plated that the skilled artisan will appreciate how to produce
a hybridoma cell line through other routine steps or methods
published in the literature.

The present invention further includes a new immunogenic
composition and method of using the porcine protein anti-
bodies in which the antigen-specific immune response can be
enhanced by targeting pDC-SIGN, pICAM-3 and/or pL.SEC-
tin. As used within the context of this invention, “targeting”
pDC-SIGN or pICAM-3 means that the immature dendritic
cells throughout the body would recognize the immunized
antigen-oligosaccharide conjugates or antigen-anti-protein
antibody complex by the interaction between ligand (e.g.,
oligosaccharide or anti-DC-SIGN antibody) and receptor
(e.g., DC-SIGN) on dendritic cells, which is more efficient
than being immunized with naked antigen. A comparable use
of'the appropriate antibody complex for targeting the pLSEC-
tin receptor would involve liver cells.

The invention also embraces a novel veterinary composi-
tion comprising a nontoxic, physiologically acceptable car-
rier and an immunogenic amount of the monoclonal or poly-
clonal antibody described herein in admixture with or
covalently attached to an antigen or, alternatively, the carrier
with the porcine proteins described herein. Preferably, a con-
jugate vaccine is used and may be created by standard pro-
cesses to covalently attach a poor antigen to the antibody
acting as a carrier protein, thereby conferring the immuno-
logical attributes of the carrier on the attached antigen.
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When administered to pigs, the veterinary composition of
the invention may contain one or more porcine antigens such
as, for example, porcine circovirus type 2 (PCV-2), Porcine
Reproductive and Respiratory Syndrome Virus (PRRSV),
Mycoplasma hyopneumoniae, Haemophilus parasuis, Pas-
teurella multocida, Streptococcum suis, Actinobacillus pleu-
ropneumoniae, Bordetella bronchiseptica, Salmonella chol-
eraesuis, Erysipelothrix rhusiopathiae, leptospira bacteria,
swine influenza virus (SIV), porcine parvovirus, Escherichia
coli, porcine respiratory coronavirus, rotavirus, a pathogen
causative of Adjezky’s Disease, Swine Transmissible Gastro-
enteritis, etc. The compositions of the invention optionally
contain a variety of typical, non-toxic, pharmaceutically
acceptable carriers, additives, diluents and adjuvants. By way
of an illustration, a veterinary composition may be prepared,
for example, to contain the anti-peptide polyclonal antibody
specific to pDC-SIGN, pICAM-3 or pL.SECtin in admixture
or conjugated to one or more antigens such as PCV-2 and
PRRSYV in combination with a suitable carrier, preservative
and adjuvant system.

Genetically engineered vaccines, which are desirable in the
present invention, are produced by techniques known in the
art. Such techniques involve, but are not limited to, further
manipulation of recombinant DNA, modification of or sub-
stitutions to the amino acid sequences of the DC-SIGN pro-
teins and the like.

The fused protein product of the invention may be made,
for example, by fusing the cytoplasmic tail (CT), the trans-
membrane domain (TMD) and the repeat neck region of
human DC-SIGN/L-SIGN with the carbohydrate recognition
domain (CRD) of porcine DC-SIGN. By way of illustration,
a fusion PCR technique including two rounds of PCR may be
performed to generate the desired fusion fragment. In the
first-round PCR, the upstream fragment containing the CT,
TMD and neck region of human DC-SIGN/L-SIGN obtained
from the full-length human DC-SIGN/L-SIGN cDNA is
amplified using the human DC-SIGN/L-SIGN ¢DNA clone
with primers P1 and P2, while the downstream fragment
containing the CRD of porcine DC-SIGN derived from the
full-length porcine DC-SIGN ¢DNA is amplified with prim-
ers P3 and P4. Primers P2 and P3 are reverse-complementary
to each other. The two fragments sharing a short stretch
(~25bp) at their 3'- or 5'-end are purified and used as the
templates for the second-round PCR to amplity the fusion
fragment with primers P1 and P4. The second-round PCR
product is double-digested with desired restriction enzymes
and cloned into an expression vector that is digested with the
same restriction enzymes. This fusion PCR technique is fur-
ther described in S. U. Emerson et al., “In vitro replication of
hepatitis E virus (HEV) genomes and of an HEV replicon
expressing green fluorescent protein,” J. Virol. 78(9):4838-
4846 (2004).

To determine that the fragment is active and useful in the
present invention, standard ligand-binding and endocytic
activity assays may be performed to confirm the potential
roles of either part of the fused protein. Typically, the CRD
(carbohydrate recognition domain) part of the fusion protein
isolated from the pDC-SIGN or pL.SECtin ¢cDNA is respon-
sible for the recognition and capture of the porcine pathogen
verifiable by the ligand-binding assay, while the CT (cyto-
plasmic tail), TMD (transmembrane domain) and repeat neck
region of the fusion protein that is derived from the hDC-
SIGN, hL.SECtin or h[.-SIGN is responsible for uptake of the
captured pathogen into the cells by endocytosis, which can be
substantiated by the endocytic activity assay.

The invention includes a new method of conferring passive
immunity against an antigen (i.e., a pathogen acting as an
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immunogen) in an animal by effectively inducing naive and
recall T-cell responses which comprises administering to the
animal an immunologically effective amount of the veteri-
nary composition as described herein. The method, which
provides an antigen-specific immune response against the
antigen or pathogen, is preferentially designed to enhance the
immunogenic activity of a weak antigen or pathogen by tar-
geting pDC-SIGN, pICAM-3 or pL.SECtin. In this regard, the
covalent vaccine product is particularly useful. The poor anti-
gen or immunogenic substance requiring enhanced immuno-
logical potency from the antibody composition comprises a
virus, a bacterium, a fungus or a parasite. The antibody of the
invention provides enhanced entry of the pathogen at cell
receptor sites, aids in the inducement of an immune response
and ultimately in the prevention of disease transmission. Pref-
erably, the animal requiring the immunogenic enhancing
composition is a pig but it is foreseen that other animals such
as bovine or canine may benefit as well.

Inthe method, an immunologically effective amount of the
composition of the present invention is administered to ani-
mals, particularly young piglets, in need of protection against
disease or infection in order to induce a protective immune
response in the animals. Targeting pDC-SIGN, pICAM-3 or
pLSECtin produces an enhanced immune response in the
animal. An effective immunizing amount is one in which a
sufficient immunological response is attained to protect the
animal from the harmful effects of the pathogen. A protective
immune response is considered to be obtained when the vet-
erinary composition is able to protect at least a significant
number of the inoculated animals as required by standard
values in the vaccine field. The immunologically effective
dosage or the effective immunizing amount that inoculates
the animal and elicits satisfactory vaccination effects can be
easily determined or titrated by routine testing such as stan-
dard titration studies.

The novel immunogenic composition of the present inven-
tion is employed for the vaccination of healthy animals, pref-
erably piglets at approximately three months of age. The
vaccine may also be given to mature or adult animals such as
sows (i.e., older than three months) prior to breeding. The
vaccine can be administered in a single dose or in repeated
doses if antibody titers decline and a booster shot is deemed
necessary. Desirably, the vaccine is administered to healthy
animals in a single inoculation to provide long term protec-
tion against disease, protecting the animals for at least one
year to three years or longer. Appropriate dosages are deter-
mined by standard dose titration studies.

The present invention also includes a unique method of
cloning an unknown DC-SIGN ¢DNA homologue from a
non-primate large animal species which comprises the fol-
lowing steps: (a) isolating and in vitro culturing monocyte-
derived dendritic cells from the venous blood of the animal in
a suitable host cell under suitable nutrient conditions that
allow growth of said dendritic cells; (b) extracting RNA; (c)
performing reverse transcriptase (RT) and PCR using degen-
erate primers designed to be complementary to conserved
sequences in human and mouse DC-SIGN nucleotide
sequences based on multiple sequence alignments of the
nucleic acid molecules encoding human and mouse
DC-SIGN in order to synthesize a first-strand of cDNA and
amplify by RT-PCR a short fragment having a sequence
homologous to human DC-SIGN; (d) performing reverse
transcriptase and RACE-PCR on the short fragment using
gene-specific primer PDR-1 comprising SEQ ID NO:9 and
gene-specific primer PDF-1 comprising SEQ ID NO:10
designed for 5'-RACE or 3'-RACE, respectively, and based on
the sequence information from degenerate PCR products; (e)
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cloning the two overlapping fragments of the complete cDNA
of the unknown DC-SIGN homologue in the animal by rapid
amplification of cDNA ends (RACE)-PCR reaction products;
and (f) isolating, purifying or sequencing the DC-SIGN
homologue of the animal.

In the above cloning method, the suitable host cell
includes, but is not limited to, a culture of CD14 positive
peripheral blood monocyte cells (PBMC), spleen-derived
lymphocytes, bone-marrow-derived lymphocytes and the
like. Preferably, the host cell in the new cloning method uses
the culture of CD14 positive PBMC.

As one example of the cell passage phase, cells stably
expressing DC-SIGN are grown to the monolayer as observed
by the light microscope. Cells are passaged every 3 to 4 days
as needed for virus inoculation. Cell growth medium, for
example, Dulbecco’s Modified Eagle’s Medium (DMEM)
enhanced with 10% fetal bovine serum (FBS) and 1x antibi-
otics (10,000 units/mL penicillin G, 10,000 mg/mlL. strepto-
mycin), is removed from each flask and cells are incubated
with 1 mL of a proteolytic enzyme such as trypsin-EDTA
(TE). TE is removed upon the first indication of cell detach-
ment. Five milliters of cell growth medium is added to sus-
pend cells; the suspension is aspirated and split over five
flasks. Seven milliliters of cell growth medium is added to
each flask and subsequently aspirated. Flasks are transferred
to a humidified incubator (37° C., 5% CO2) and incubated in
the horizontal position for cell growth. Flasks are inoculated
with viruses (for example, PRRSV) or used for further cell
passage when 90% confluence is observed.

As an example of virus culture, the 10% FBS-DMEM/PS
cell growth medium is removed; and cells are inoculated with
1 mL virus stock with appropriate titration. Flasks are incu-
bated horizontally for 1 h (37° C., 5% CO2). Nine milliliters
of virus medium (2% FBS-DMEM without antibiotics) is
then added to each flask and flasks are returned to the humidi-
fied incubator for 2 to 3 days. Virus culture continues until
most of the cells show visible signs of cytopathic effect (CPE)
under a light microscope. When CPE is observed, the cell
culture is terminated by freezing to —80° C. Two more con-
secutive freeze/thaw cycles from —-80° C. to room tempera-
ture are performed to lyse the cells and release intracellular
virions. The resulting virus stock solution is titrated and fro-
zen at —80° C. until use for process development or virus
inoculation for further processing to manufacture virus vac-
cines.

With respect to the DC-SIGN gene, this invention
describes the cloning of the pDC-SIGN c¢DNA for the first
time and, in effect, the first report on cloning the DC-SIGN
c¢DNA homologue (of hDC-SIGN) from a non-primate large
animal species. Since there was no relevant sequence avail-
able in the Swine Genome Sequencing Project (SGSP) data-
base, this invention used an entirely different and novel strat-
egy to clone the porcine DC-SIGN gene compared to that
previously used for mouse SIGNR molecules. Porcine
MDDCs are generated in vitro and the total RNA extracted
from the MDDC cells are used to clone the porcine DC-SIGN
homologue. By using degenerate primers based upon human
and mouse DC-SIGN sequences, a 210-bp fragment with
sequence homologous to the hDC-SIGN and mouse DC-
SIGNR was firstly amplified by RT-PCR. Based upon this
initial sequence, the complete cDNA sequence of the porcine
DC-SIGN was subsequently obtained in two overlapping
fragments by 5'- and 3'-RACE-PCR, respectively. In addition,
the complete pDC-SIGN gene was uniquely cloned based
upon the ¢cDNA sequence by one-step genomic PCR. The
cloning strategy employed herein will be very useful for the
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identification of the DC-SIGN homologues in other animal
species with no available sequence information.

Although the porcine DC-SIGN was cloned from porcine
MDDCs, pDC-SIGN could not be amplified from the original
purified CD14-positive PBMCs, suggesting that the expres-
sion of pDC-SIGN was activated during the development of
MDDCs.

For the mouse SIGNR members, only SIGNR3 shares the
ability with hDC-SIGN to bind both high-mannose and
fucose-containing glycans (Powlesland et al., 2006, supra).
SIGNR2 binds almost exclusively to GlcNAc-terminated
glycans, and SIGNR7 binds preferentially to the 6-sulfo-
sialyl Lewis™ glycan, similar to some members of the siglec
family of sialic acid-binding receptor that selectively recog-
nize sialic acids (id.). The pDC-SIGN identified herein has all
nine conserved residues involved in calcium-dependent car-
bohydrate binding in the CRD.

However, although the sequence alignment results suggest
that pDC-SIGN probably has distinct carbohydrate binding
specificity from hDC-SIGN and L-SIGN, because of the
lower sequence homology compared to other DC-SIGN-re-
lated proteins, they do share the analogous ligand-binding
capacity with hDC-SIGN. This is mainly because both of the
porcine and bovine DC-SIGN proteins have all structural
conserved residues facilitating in the proper folding of the
CRD and involved in calcium-dependent carbohydrate bind-
ing. On the other hand, these interactions may involve pro-
tein-protein interaction in addition to protein-carbohydrate
interaction, which has been implicated by the scanning-mu-
tagenesis analysis of hDC-SIGN binding to hICAM-2 and
hICAM-3 (S. V. Su et al., “DC-SIGN binds to HIV-1 glyco-
protein 120 in a distinct but overlapping fashion compared
with ICAM-2 and ICAM-3,” J. Biol. Chem. 279:19122-32
(2004)). Furthermore, it was previously shown that hDC-
SIGN has a distinct but overlapping binding fashion for
gp120 and ICAM-3 (T. B. Geijtenbeek et al., “Identification
of different binding sites in the dendritic cell-specific receptor
DC-SIGN for intercellular adhesion molecule 3 and HIV-1,”
J. Biol. Chem. 277:11314-11320 (2002); Su et al., 2004,
supra). A single mutation from valine to glycine at aa position
351 in hDC-SIGN abrogated ICAM-3 binding but not HIV-1
gpl20interaction (Geijtenbeek et al., 2002, supra). However,
the binding to either ICAM-3 or ICAM-2 was unaffected
when valine was mutated to alanine (Su et al., 2004, supra).
The pDC-SIGN protein has the histidine residue at position
204 that is uniquely shared by the bovine, canis and equine
DC-SIGN proteins. The change from valine to histidine likely
has minimal effect on pDC-SIGN-hICAM-3/hICAM-2 inter-
action.

It has been shown that recognition of small carbohydrate
compounds by individual CRD alone is not sufficient to
achieve the high-affinity interactions of DC-SIGN and
L-SIGN with pathogens like HIV-1 gp120. Biochemical stud-
ies with repeat domain deletion mutants in the neck region
also showed that a minimum of three repeats are required to
form tetramers, and that additional repeats would stabilize the
tetramer (G. A. Snyder et al., “The structure of DC-SIGNR
with a portion of its repeat domain lends insights to modeling
of the receptor tetramer,” J. Mol. Biol. 347:979-989 (2005)).
The pDC-SIGN newly identified in the present invention,
along with the known bovine, canis and equine DC-SIGN
proteins, did not have repeat sequences in the neck region,
suggesting that these proteins including the porcine
DC-SIGN may be unable to form a tetramer, and thus support
the statement that porcine DC-SIGN has a distinct carbohy-
drate binding specificity.
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This is not directly associated with the binding capacity of
these proteins since it is now shown that pDC-SIGN is
capable of effectively interacting with potential ligands like
hICAM-3 and hICAM-2, and capture and transmit PRRSV to
the target cells. Similarly, bovine DC-SIGN without repeat
sequences in the neck region also has the ability to bind and
internalize HIV-1 gp120 as well as Mycobacterium bovis
BCG (Y. Yamakawa et al., “Identification and functional char-
acterization of bovine orthologue to DC-SIGN,” J. Leukoc.
Biol. 83:1396-403 (2008)). Another example is the hDC-
SIGN-related lectin LSECtin, which is devoid of repeat
sequences in the neck region, and yet it is still able to mediate
antigen capture and pathogen binding by human myeloid
cells (A. Dominguez-Soto et al., “The DC-SIGN-related lec-
tin LSECtin mediates antigen capture and pathogen binding
by human myeloid cells,” Blood 109:5337-45 (2007)).
Although pDC-SIGN is not involved in PRRSV entry, it is
shown herein that pDC-SIGN can enhance the in trans virus
transmission from the engineered BHK donor cells to target
MARC-145 cells despite the fact that both of these two cell
lines are not of pig origin.

The binding of pDC-SIGN expressed on the cell surface to
soluble hICAM ligands is also demonstrated herein. Improv-
ing the binding of hICAM-2 to pDC-SIGN or blocking the
binding of hICAM-3 to pDC-SIGN may have therapeutic
value. In particular, in vivo cell-cell adhesion interactions
may have important implications for clinical applications of
pig-to-human xenotransplantation since recipient T cells
mediate xenograft rejection. Furthermore, the tissue and cel-
Iular location and the property of pDC-SIGN and its cross-
binding to human natural ligands strongly implicate analo-
gous physiologic roles for this lectin in cell adhesion. Similar
roles for pLSECtin and pICAM-3 are also contemplated.

A surprising finding from the study was that pDC-SIGN is
most closely related to mouse SIGNR7 and SIGNRS than to
other mouse SIGNR members. The discovery of eight DC-
SIGN homologues in mouse specie indicated they had a
widely divergent biochemical and physiological properties
(Powlesland et al., 2006, supra). However, none of them were
experimentally verified to be the functional orthologue to
human DC-SIGN. While the mouse DC-SIGN proteins have
not been found to share functions with the human proteins,
bovine DC-SIGN was recently shown to express on bovine
MDDCs, bind and internalize HIV-1 gp120 as well as Myco-
bacterium bovis bacillus Calmette-Guerin (BCG), suggesting
that it is functionally related to hDC-SIGN (Y. Yamakawa et
al., “Identification and functional characterization of bovine
orthologue to DC-SIGN,” J. Leukoc. Biol. 83:1396-403
(2008)), even though they are classified into two different
evolutionary pathway. This conclusion is also supported by
the evidence of tissue and cellular distribution and binding
characteristics of pDC-SIGN with hICAM ligands in the
below experiments.

In the details of this invention, it is shown that pDC-SIGN
mRNA expression is mainly distributed in various lymphoid
organs and the protein expression is not detected on the sur-
face of CD14" monocytes or PBL. Porcine DC-SIGN is not
only expressed on MDDCs but also on MDM®s and PAM,
suggesting that it is activated during the development of por-
cine DCs and macrophages. By using IHC analysis, it is
further confirmed that pDC-SIGN was expressed on lymph
node sinusoidal APCs including macrophage-like and den-
dritic-like cells but not on B or T lymphocytes (FIG. 7).
Porcine DC-SIGN expression was also detected on lymph
node endothelial cells, which shares an analogous pattern
with that of hDC-SIGN expression (J. H. Martens et al.,
“Ditfferential expression of a gene signature for scavenger/
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lectin receptors by endothelial cells and macrophages in
human lymph node sinuses, the primary sites of regional
metastasis,” J. Pathol. 208:574-89 (2006)). However, neither
pDC-SIGN mRNA nor protein was detectable in pig liver
tissues using RT-PCR and THC analysis, respectively.

Based on these results, it is concluded that the cloned
porcine gene is the DC-SIGN homologue (instead of the
L-SIGN homologue) although the amino acid sequence of
pDC-SIGN does not show significant sequence identity with
hDC-SIGN or hL.-SIGN. The L-SIGN genes emerged from a
duplication event in the common DC-SIGN ancestor of
anthropoids and probably does not exist in non-primate mam-
malian species as shown on the bovine, canis and equine
genomic regions where the C-type lectins arrange as a three
gene cluster CD23/LSECtin/DC-SIGN instead of a four gene
cluster CD23/LSECtin/DC-SIGN/L-SIGN on human chro-
mosome 19p13.3. The evolutionary pathway of DC-SIGN
homologues in these non-primate mammalian species is dis-
tinct from that in primates resulting in the existence of DC-
SIGN as a single gene. Phylogenetic analysis and comparison
of gene organization indicated that porcine DC-SIGN is
highly related to these non-primate mammalian species and
thus should share the same characteristics. Furthermore, the
absence of pDC-SIGN expression in pig livers by IHC and
RT-PCR also supports this conclusion, since, if the cloned
pDC-SIGN were the porcine L-SIGN homologue, its RNA
and protein expression should have been detected in liver
tissues by RT-PCR and ITHC, respectively.

The transmembrane property of porcine DC-SIGN protein
is confirmed by experimental evidence in relation to this
invention and determined to function as an adhesion receptor
on porcine DCs.

To better characterize the expression of porcine DC-SIGN,
determination of the gene in the genomic DNA level was
needed. Based on the terminal sequence of the determined
porcine DC-SIGN ¢DNA, the porcine DC-SIGN gene that
has not yet been released in GenBank and other pig genomic
sequence resources to date was also amplified and cloned by
using genomic PCR (FIG. 4). The consensus sequence of the
porcine DC-SIGN gene is 3438 by in length, encoding eight
exons spanning the complete coding region of the gene in
which exons 1 and 8 had unknown size (FIGS. 5a-5d). The
intron sizes vary from 113 to 689 by and all acceptor and
donor sequences on the introns conform to the GT-AG rule.
Additional alternatively spliced mRNA isoforms were not
predicted by the computer program, suggesting that the iden-
tified cDNA from porcine monocyte-derived dendritic cells is
likely the only existing isoform of the porcine DC-SIGN
expression, which is consistent with the RACE-PCR result
described above (FIG. 1(c)).

Examining the tissue and cellular distribution of pDC-
SIGN, it was found that the expression of pDC-SIGN mRNA
was detected in both of the primary (thymus and bone mar-
row) and the secondary lymphoid organs (lymph node and
spleen) as well as lung and skeletal muscles but not in duode-
num, kidney, heart or liver of pig by RT-PCR (FIG. 6a). The
expression level in lymph node and bone marrow was the
highest. The detection of DC-SIGN expressed in muscles was
intriguing.

Taking pDC-SIGN expression in various lymphoid organs
into account, it was speculated that pDC-SIGN may be also
expressed by specific hematopoietic cell populations in addi-
tion to MDDCs. Therefore, flow cytometry analysis was per-
formed to detect the surface expression of pDC-SIGN protein
on PBL, monocytes, MDDCs, MDM®s and PAM (FIGS. 65
to 6d). Scatter profile of porcine PBMC clearly indicated two
cell populations, PBL and monocytes according to their mor-
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phology. Since CD14 molecule is the surface marker for
porcine monocytes (H. W. Ziegler-Heitbrock et al., “The anti-
body MY4 recognizes CD14 on porcine monocytes and mac-
rophages,” Scand. J. Immunol. 40:509-14 (1994)), these two
cell populations could be separated by immunomagnetic
labeling MACS system using anti-porcine CD14 monoclonal
antibody. CD14" monocytes were further used to develop
MDDCs with the addition of rpGM-CSF and rpll.-4 or
MDM®s in the absence of the cytokines, respectively. PBL
and the monocytes did not show any pDC-SIGN expression,
which was expected since hDC-SIGN or L-SIGN is not
expressed on lymphocytes or monocytes. Accordingly, there
was no detectable pDC-SIGN expression on a porcine mono-
cytic cell line 3D4/31 (FIGS. 65 to 64). Upon differentiation
of the monocytes into MDDCs in culture, the pDC-SIGN
expression was up-regulated with an approximately 8-fold
increase of median fluorescence intensity from day 3 to day 7.
Porcine DC-SIGN expression was also found on MDM®s.
Compared to MDDCs, the majority of MDM®s gave a pDC-
SIGN phenotype. PAMs were also dominated by a pDC-
SIGN phenotype, but the expression level was lower than that
on MDM®s. In accordance with undetectable expression of
pDC-SIGN mRNA in pig kidney, the protein was not
expressed in an epithelial cell line PK15 derived from pig
kidney (FIGS. 65 to 6d).

To further confirm whether pDC-SIGN protein was indeed
expressed in particular cell populations of lymphoid tissue,
THC analysis on paraffin sections of pig lymph node and liver
tissues was performed. It was found that pDC-SIGN protein
showed a predominant sinusoidal pattern of expression in
lymph nodes (FIG. 7(a)). However, there was no detectable
expression in pig livers (FIG. 7(b)), which was consistent
with the RT-PCR results (FIG. 6a). Most of the cells immu-
nostained with pDC-SIGN-specific anti-peptide antibody in
sinuses of lymph nodes were macrophage-like and dendritic-
like cells (FIG. 7(c)). Endothelial cells in lymphatic vessel of
parenchyma were also immunostained with pDC-SIGN-spe-
cific anti-peptide antibody (FIG. 7(d)). The expression pat-
tern of pDC-SIGN protein in pig lymph nodes is analogous to
that of hDC-SIGN in human lymph nodes where hDC-SIGN
protein was identified not only on sinusoidal macrophages but
also on endothelial cells by IHC (J. H. Martens et al., “Dit-
ferential expression of a gene signature for scavenger/lectin
receptors by endothelial cells and macrophages in human
lymph node sinuses, the primary sites of regional metastasis,”
J. Pathol. 208:574-89 (2006)). The absence of pDC-SIGN
expression in pig livers further supported that the cloned
pDC-SIGN is not the L.-SIGN homologue since the presumed
porcine L-SIGN, if exists, should be strongly expressed on
LSECs.

In a separate embodiment of the present invention, two new
c¢DNA isoforms of porcine ICAM-3 have now been identified
from in vitro cultured porcine monocyte-derived dendritic
cells (the nucleotide sequence encoding the larger pICAM-3
isoform corresponds to SEQ ID NO:4 while the smaller
nucleotide sequence encoding a smaller pICAM-3 isoform
corresponds to SEQ ID NO:39). The smaller of the two iso-
forms contains a 114-nt deletion in the noncoding region.
Intercellular adhesion molecule-3 (human ICAM-3, LD50) is
a member of the immunoglobulin (Ig) superfamily that binds
both leukocyte integrin LFA-1 (CD11a/CD18) and dendritic
cells-specific intercellular-adhesion-molecule-3 (ICAM-3)-
grabbing nonintegrin (human DC-SIGN, CD209). ICAM-3
plays important roles in activation of both T lymphocytes and
dendritic cells.
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Unexpectedly, both of the newly discovered isoforms
encode only three Ig-like domains (D1-D3) and lack Ig-like
domains 4 and 5 (D4-D5), which is different from human
ICAM-3 with five Ig-like domains (D1-D5). The absence of
D4 and D5 in porcine ICAM-3 is likely due to continuous
skipping of exons 5 and 6 of porcine ICAM-3 gene during the
pre-mRNA splicing process. After determining the remaining
unknown 3'-proximal region of porcine ICAM-3 genomic
DNA sequence, it was found that there exists one in-frame
3-nt nonsense mutation in exon 5 and four in-frame nonsense
mutations in exon 6, which are unique in swine specie. A
point mutation (G to A) at the putative splice donor site of
intron 6 was also identified. Thus, the generation of the por-
cine ICAM-3 isoforms lacking D4 and DS is likely caused by
nonsense-associated altered splicing (NAS), which is specie-
associated and excludes exons 5 and 6 during the pre-mRNA
splicing process.

The following examples demonstrate certain aspects of the
present invention. However, it is to be understood that these
examples are for illustration only and do not purport to be
wholly definitive as to conditions and scope of this invention.
It should be appreciated that when typical reaction conditions
(e.g., temperature, reaction times, etc.) have been given, the
conditions both above and below the specified ranges can also
be used, though generally less conveniently. The examples
are conducted at room temperature (about 23° C. to about 28°
C.) and at atmospheric pressure. All parts and percents
referred to herein are on a weight basis and all temperatures
are expressed in degrees centigrade unless otherwise speci-
fied.

A further understanding of the invention may be obtained
from the non-limiting examples that follow below.

EXAMPLE 1

Cloning and Characterization of Porcine DC-SIGN
c¢DNA and Gene

Materials and Methods

Pigs: Venous blood samples and porcine alveolar macroph-
ages (PAM) were collected from healthy crossbred con-
ventional pigs of 3 to 7 weeks of age. Pigs were maintained
in an isolated room under experimental conditions.

Isolation and culture of porcine alveolar macrophages, por-
cine peripheral blood lymphocytes, monocytes, monocyte-
derived dendritic cells and monocyte-derived macroph-
ages: Porcine alveolar macrophages (PAM) were collected
by lung lavage using cold PBS and resuspended in DMEM
supplemented with 10% fetal bovine serum (FBS). Fresh
or 3-day in vitro cultured PAM cultures were used for
staining and subsequent analysis.

Porcine heparinized blood was diluted 1:2 with phosphate-
buffered saline (PBS) and centrifuged over Ficoll-Paque
PREMIUM (GE Healthcare, Sweden) at 1000 g for 40 min at
room temperature. The buffy coat layer containing peripheral
blood mononuclear cells (PBMC) was isolated and washed
three times with PBS at 250 g for 10 min at 4° C. CD14-
positive monocytes on the surface of PBMC were sorted by
immunomagnetic labeling MACS system of cells using anti-
CD14 mAb (M-M9, VMRD Inc., Pullman, Wash., USA) and
goat anti-mouse IgGG1-magnetic microbeads (Miltenyi Biotec
GmbH, Bergisch Gladbach, Germany). CD14-negative cells,
based on the cell morphology determined by flow cytometry
analysis, were recognized as porcine peripheral blood lym-
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phocytes (PBL). Purified monocytes were resuspended at
1x10° cells/mL in Dulbecco’s modified Eagle’s medium
(DMEM) supplemented with 10% heat-inactivated fetal
bovine serum (FBS), 55 pmol/LL of p-mercaptoethanol and
antibiotics. Monocytes were then cultured in 6-well plates or
60-mm Petri dishes at 37° C. in the presence of 25 ng/ml of
recombinant porcine granulocyte-macrophage colony stimu-
lating factor (rpGM-CSF, R&D Systems, Minneapolis,
Minn.) and 25 ng/ml. recombinant porcine interleukin-4
(rpIL.-4, Endogen, Rockford, 111.). Half of the culture medium
was replaced by fresh medium every 3 days. Cells were
observed for characteristic morphology of DC’s. The cells
were collected on the third or seventh day and used as mono-
cyte-derived dendritic cells (MDDCs). Monocyte-derived
macrophages (MDM®s) were developed in a similar proce-
dure, but cultured in the absence of the two cytokines Cells
were collected on the fifth day and used as MDM®s.
Culture of continuous cell lines: A baby hamster kidney fibro-
blast cell line BHK-21, a monkey kidney cell line MARC-
145 and a porcine kidney epithelial cell line PK15 were
grown in MEM supplemented with 10% FBS and antibi-
otics at 37° C. in an incubator while a porcine monocytic
cell line 3D4/31 (ATCC CRL-2844) was grown in RPMI
1640 medium supplemented with 10% FBS and antibiotics
ata37° C. incubator. A mouse fibroblast NIH 3T3 cell line
stably expressing hDC-SIGN was obtained through the
NIH AIDS Research and Reference Reagent Program
(Germantown, Md.) and was renamed as 3T3-HDCS in
this study. This cell line was cultured in DMEM supple-
mented with 10% FBS.
RNA extraction, reverse transcription (RT) and degenerate
PCR and rapid amplification of cDNA ends (RACE)-PCR:
In vitro cultured porcine monocyte-derived dendritic cells
(MDDCs), derived from porcine monocytes in the pres-
ence of rpGM-CSF and rpllL-4, were collected between the
seventh and tenth days. Total RNA was isolated from
MDDCs using the RNeasy mini kit (Qiagen Inc., Valencia,
Calif.) followed by an RNase-free DNase | treatment.
First-strand cDNA was synthesized from total RNA with
SuperScript II reverse transcriptase (Invitrogen Corpora-
tion, Carlsbad, Calif.) using oligo-dT (Promega Corpora-
tion, Madison, Wis.) as the reverse primer. Several pairs of
degenerate primers complementary to conserved
sequences in human and mouse DC-SIGN genes were
designed based on the multiple sequence alignments of the
available human and mouse DC-SIGN related genes. PCR
with degenerate primers was performed in 50 pl reaction
with an Advantage 2 PCR kit (Clontech, Palo Alto, Calif.)
using the following PCR parameters: 94° C. for 2 min, 30
cycles of 94° C. for 15 sec, 57.5° C. for 30 sec and 72° C.
for 1 min, and a final incubation at 72° C. for 3 min. A PCR
fragment was amplified only when one set of primers (NF-
05 and NR-05, Table 1 below) was used for amplification.
The obtained PCR products were directly sequenced and
compared with the GenBank sequences of the human and
mouse DC-SIGN related genes. RT and RACE-PCR were
performed with a SMART RACE c¢DNA amplification kit
(Clontech, Palo Alto, Calif.) according to the manufactur-
er’s manual. The gene-specific primers used for 5'-RACE
or 3'-RACE were PDR-1 and PDF-1, respectively (Table
1), which were designed based on the sequence informa-
tion obtained from degenerate PCR products. The RACE
reaction products were cloned into a pCR2.1 vector (Invit-
rogen Corporation, Carlsbad, Calif.) by TA cloning strat-
egy and sequenced.
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TABLE 1

Oligonucleotide primers used for degenerate
RT-PCR, 5'-RACE and 3'-RACE PCR, genomic PCR,
gene sequencing, subcloning and PCR detection

in pig tissues of pDC-SIGN

Primer ID Sequence (5' to 3! Position?

NF-05 ATCAAAAS TGMTGAGGAGCAGA 473-494
(SEQ ID NO: 6)

NR-05 CATTTGTCRTCRTTCCAGCC 671-690
(SEQ ID NO: 7)

NF-06 AACCGCTTCACCTGGATGGG 524-543
(SEQ ID NO: 8)

5'-RACE PDR-1 CAGAAGCTGAGTTGGAGGGGGCTG 589-612
(SEQ ID NO: 9)

3'-RACE PDF-1 GCCACCTGGATTGGCCTCAGTGATG 530-554
(SEQ ID NO: 10)

PCI-XHO agtctcgagcgccaccATGGCAG 26-39
AGATATG
(SEQ ID NO: 11)

DCS3 tatctagaTCAGAGCATGGGGCA 728-748
GGGAGA
(SEQ ID NO: 12)

1F GATGGCAGAGATATGTGACCCCARG 25-54
GA
(SEQ ID NO: 15)

4R CGGAGGGECTGCTGAGACCATC 966-987
(SEQ ID NO: 16)

2F TCGTCTCATTGGETTTCTTCATGCT 168-194
ce
(SEQ ID NO: 17)

3F CTGCAGAGAGAGAGAGAGACCAGCA 236-263
GGA
(SEQ ID NO: 18)

AF TGCCCCTGGECATTGGGAATTCTT 359-381
(SEQ ID NO: 19)

Nco-DCS-5 ataccATGGCAGAGATATG 26-39
(SEQ ID NO: 25)

Xho-DCS-3 agtctcgagTCAGAGCATGGGGC 728-748
AGGGAGA
(SEQ ID NO: 26)

PDCS-E56F GAATGCCACCCTGGCTGGCCT 328-348
(SEQ ID NO: 27)

PDCS-E78R GGGTTCTCCTTCTTTCCAGAAGCTGA  600-628
GTT
(SEQ ID NO: 28)

IThe mixed bases (8=C+G, M=2A+C, and R = A + G) designed
for degenerate primers (NF-05 and NR-05) are shown in bold and
underlined. It is noted that the sequences of primers NF-05,
NF-06 and NR-05 are not fully identical to that of the final
cDNA sequence of pDC-SIGN. For primers PCI-XHO, DCS3, Nco-DCS-5
and Xho-DCS-3, lowercase letters indicate the non-porcine-DC-
SIGN sequences; underlined nucleotides represent restriction
sites (Xho I, Xba I or Nco I) used for subcloning and italic
nucleotides indicate the optimal Kozak sequence before start
codon ATG.

Position is corresponding to the full-length c¢DNA of pDC-SIGN
(FIGS. 2a-2b).

Genomic PCR and gene sequencing: The primers used for
one-step genomic PCR were based on the sequence of
porcine DC-SIGN ¢DNA as herein determined. The for-
ward primer 1F (5'-GATGGCAGAGATATGTGAC-
CCCAAGGA-3' (which corresponds to SEQ ID NO:15))
contains the start codon ATG (underlined) while the
reverse primer 4R (5'-CGGAGGGGCTGCTGAGAC-
CATC-3' (which corresponds to SEQ ID NO:16)) is
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complementary to the sequence within the 3'-noncoding
region of the cDNA. Genomic PCR was performed with a
Platinum PCR HiFi Supermix kit (Invitrogen Corporation,
Carlsbad, Calif.) using 150 ng of the pig genomic DNA
(purchased from Novagen, Madison, Wis.) in a total vol-
ume of 50 uL.. The PCR conditions were 35 cycles at 94° C.
for30 sec, 68° C. for 5 min with an initial denaturing of the
template DNA at 94° C. for 2 min. The resulting fragment
was cloned into a pCR2.1 vector (Invitrogen Corporation,
Carlsbad, Calif.) by TA cloning strategy. The M13 forward
and reverse primers as well as three gene-specific primers
2F (8-TCGTCTCATTGGGTTTCTTCATGCTCC-3'
(which corresponds to SEQ ID NO:17)), 3F (5'-CTGCA-
GAGAGAGAGAGAGACCAGCAGGA-3' (which corre-
sponds to SEQ ID NO:18)) and 4F(5'-TGCCCCTGGCAT-
TGGGAATTCTT-3' (which corresponds to SEQ ID
NO:19)) were used for sequencing. Assembly of the full-
length gene was done with the SeqMan program from
Lasergene package (DNASTAR Inc., Madison, Wis.).

Sequence and phylogenetic analyses: Analyses and align-
ment of DNA and amino acid sequences were performed
using Lasergene package (DNASTAR Inc., Madison,
Wis.). Sequence analysis and prediction of mRNA splicing
of pDC-SIGN gene was performed with online program
ASPic (Alternative Splicing Prediction, t.caspur.it/ ASPIC/
home.php).

Generation of an anti-peptide polyclonal antibody specific to
porcine DC-SIGN: To generate a pDC-SIGN-specific anti-
peptide polyclonal antibody to detect the expression of
pDC-SIGN protein, two peptides corresponding to regions
predicted to be exposed within the CRD of porcine DC-
SIGN (Acetyl-VDNSPLQLSFWKEGEPNNHGC-amide
(which corresponds to SEQ ID NO:13), and Acetyl-
AEQKFLKSWYRYNKAC-amide (which corresponds to
SEQ ID NO:14)) were commercially synthesized by 21*
Century Biochemicals Corporation (Marlboro, Mass.) for
purposes of the present invention. The peptides were sub-
sequently purified and used together to immunize two New
Zealand white rabbits as a custom antibody production
service at 21* Century Biochemicals Corporation. Porcine
DC-SIGN-specific anti-peptide polyclonal antibody was
produced from the serum of immunized rabbits by affinity
purification at the concentration of 0.73 mg/mlL..

Construction of a recombinant vector expressing porcine DC-
SIGN and in vitro expression: The complete coding region
of pDC-SIGN was amplified by PCR using primers PCI-
XHO and DCS3 (Table 1) and subsequently cloned into a
pCl-neo vector (Promega Corporation, Madison, Wis.)
downstream of the CMV immediate-early enhancer/pro-
moter using Xho [ and Xba I restriction sites. The construct
was sequenced to verify the identity and designated as
pCI-PDCS. For transfection, BHK-21 cells were seeded at
4x10* cells per well onto 8-well Lab-Tek chamber slides
(Nalge Nunc International, Rochester, N.Y.), and were
grown without antibiotics for 24 hours. Plasmids pCI-
PDCS and pCl-neo were transiently transfected into BHK-
21 cells using Lipofectamine 2000 (Invitrogen Corpora-
tion, Carlsbad, Calif.) according to the manufacturer’s
protocol with minor modifications. Briefly, 0.4 pug of plas-
mid DNA was mixed with 1.5 pL. Lipofectamine 2000 and
150 pLL of Opti-MEM (Invitrogen Corporation, Carlsbad,
Calif.) at room temperature for 20 min and subsequently
added to the cells. Fresh growth medium was replaced after
6 hours. Cells were cultured for 24 to 48 hours, and were
then applied to immunofluorescence assay (IFA) or West-
ern blot to detect the expression of pDC-SIGN protein.
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Immunofluorescence assay (IFA) and Western blot: Trans-
fected cells were washed 2 times with PBS, fixed with 4%
paraformaldehyde in PBS for 20 min and then permeabi-
lized with 0.5% Triton® X-100 (a nonionic surfactant
generically known as polyethylene glycol tert-octylphenyl
ether under the registered trademark of Union Carbide
Corp., Houston, Tex. and commercially available from
Sigma-Aldrich Corp., St. Louis, Mo.) for 10 min. One
hundred microliter of the anti-peptide antibody specific to
pDC-SIGN at 1:100 dilution in PBS was added over the
cells and incubated for 1 hour at 37° C. Cells were washed
3 times with PBS and 100 uL. FITC-labeled goat anti-rabbit
IgG (KPL, Inc., Gaithersburg, Md.) at 1:100 dilution was
then added. After 30 min incubation at 37° C., the cells
were washed 3 times with PBS and were visualized under
a fluorescence microscope. The IFA was done more than
twice using two different dilutions of antibody in PBS at
either 1:50 or 1:100 with similar, successful results.

For Western blot analysis, pCI-PDCS or pCl-neo trans-
fected cells were lysed in 125 pl. CelLytic M lysis buffer
(Sigma-Aldrich Corp., St. Louis, Mo.) per 106 cells. Protein
extracts were collected, aliquoted and frozen at -20° C.
Samples and protein marker (Precision Plus Protein Kaleido-
scope Standards, Bio-Rad Laboratories, Inc., Hercules,
Calif.) were resolved on SDS-PAGE and transferred onto
polyvinylidene difluoride (PVDF) membrane that was sub-
sequently blocked with Tris-buffered saline (TBS) containing
3% bovine serum albumin (BSA) overnight at 4° C. The
pDC-SIGN protein was detected using pDC-SIGN-specific
antibody at a 1:200 dilution in TBS for 90 min at room
temperature, followed by incubation with horseradish peroxi-
dase (HRP)-conjugated anti-rabbit IgG (KPL, Inc., Gaithers-
burg, Md.) for 90 min at room temperature. The membrane
was then developed with chloronaphthol.

Tissue distribution of pDC-SIGN detected by RT-PCR: Total
RNA was isolated from homogenized pig tissues, selected
cell populations and cell lines using the RNeasy mini kit
(Qiagen Inc., Valencia, Calif.) followed by an RNase-free
DNase [ treatment, and cDNA was synthesized with Super-
Script II reverse transcriptase (Invitrogen Corporation,
Carlsbad, Calif.) using oligo-dT (Promega Corporation,
Madison, Wis.) as the reverse primer. For pig tissues that
were difficult to isolate such as thymus and bone marrow,
their tissue cDNA’s were purchased from Zyagen Labora-
tories (San Diego, Calif., USA). PCR was performed in 50
ul reactions with Advantage 2 PCR kit (Clontech, Palo
Alto, Calif)), using primer PDCS-ES6F spanning the
boundary between exon 5 and exon 6 and primer PDCS-
E78R spanning the boundary of exon 7 and exon 8 of
pDC-SIGN gene (see sequences in above Table 1). The
PCR parameters include 30 cycles at 95° C. for 20 sec, 68°
C. for 1 min with an initial denaturing of the template DNA
for 2 min. The housekeeping gene, porcine glyceraldehyde
3-phosphate dehydrogenase (GAPDH), was also amplified
using primers GAPDHS (5-GCTGAGTATGTCGTG-
GAGTC-3' which corresponds to SEQ ID NO:29) and
GAPDH3 (5-CTTCTGGGTGGCAGTGAT-3" which cor-
responds to SEQ ID NO:30) by PCR (95° C. for 1 min, 30
cycles at 95° C. for 20 sec, 55° C. for 20 sec, 68° C. for 40
sec and 72° C. for 3 min). The expected size of the PCR
products was 301 bp for pDC-SIGN and 285 bp for porcine
GAPDH, respectively.

Immunohistochemistry (IHC): Paraffin sections of pig lymph
nodes and livers (Zyagen Laboratories, San Diego, Calif.)
were immunostained with avidin-biotin complex (ABC)
by a previously described method (W. Li et al., “Chronic
Relapsing Experimental Autoimmune Encephalomyelitis:
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Effects of Insulin-like Growth Factor-1 Treatment on Clini-
cal Deficits, Lesion Severity, Glial Responses, and Blood
Brain Barrier Defects,” J. Neuropath. Exp. Neurol. 57:426-
38 (1998)). Briefly, to block endogenous peroxidase activ-
ity and nonspecific immunostaining, sections were
immersed in 3% H,O, for 10 minutes before treatment
with 10% normal goat serum (NGS) in PBS (pH=7.4) for
30 minutes at room temperature. The primary antibody,
pDC-SIGN-specific anti-peptide polyclonal antibody, and
the secondary antibody, biotinylated anti-rabbit IgG (Vec-
tor Laboratories, Burlingame, Calif.), were both diluted in
2% NGS in PBS buffer. Primary and secondary antibodies
were incubated overnight at 4° C. and 30 minutes at room
temperature, respectively. The ABC reagent was prepared
and used according to the manufacturer’s instructions from
VECTASTAIN® FElite ABC kits (complexes between avi-
din or streptavidin and biotinylated enzymes, designated
ABC’s commercially available under the registered trade-
mark of Vector Laboratories, Burlingame, Calif.) followed
by applying DAB/Ni substrate (Vector Laboratories, Bur-
lingame, Calif.) for 5 minutes. Controls included omission
of primary or secondary antibodies, replacement of pri-
mary antibody with rabbit IgG, normal rabbit serum, or
antigen-antibody complex (pre-antibody absorption). Sec-
tions were counterstained with Hematoxylin stain and
sealed with Permount slide mounting solution. IHC data
were acquired with Nikon DS-Fil digital camera and NIS-
Elements software (commercially available from Nikon
Instruments, Inc., Melville, N.Y.).

Results and Discussion

Molecular cloning of a full-length porcine cDNA homo-
logue to human DC-SIGN from in vitro cultured porcine
MDDCs: It was initially hypothesized that the DC-SIGN
homologue of the pig has similar expression and distribution
patterns to hDC-SIGN, and thus may be mainly expressed at
a high level on the surface of porcine MDDCs which can be
used as the source for the cloning of the unknown pDC-SIGN
cDNA but further experimentation and determination of
unknown cloning parameters were needed to obtain the
c¢DNA and full gene encoding the pDC-SIGN protein. Gen-
eration of porcine MDDCs has been previously reported by
several groups (C. P. Carrasco et al., “Porcine dendritic cells
generated in vitro: morphological, phenotypic and functional
properties,” Immunology 104:175-84 (2001); R. Paillot et al.,
“Functional and phenotypic characterization of distinct por-
cine dendritic cells derived from peripheral blood mono-
cytes,” Immunology 102:396-404 (2001); C. L. Loving et al.,
“Ditferential type I interferon activation and susceptibility of
dendritic cell populations to porcine arterivirus” Immunol-
ogy 120:217-29 (2007)). Using procedures described in the
literature, single and aggregated veiled-shaped cells were
observed after three days of culture of adherent porcine
CD14-positive monocytes in the presence of rpGM-CSF and
rplL-4. The characteristic dendritic morphology of the cells
that had almost transformed from monocytes in the cultured
dish was more significant after seven days (FIG. 1(a)). Phe-
notyping of the cells resulted in MHC II*CD1*CD11b/c*
CDB80/86" which was consistent with other reports and thus
recognized as MDDCs (id.). A sequence similarity search
from the database of the Swine Genome Sequencing Project
(SGSP, www.ncbi.nlm.nih.gov/sites/entrez?Db=genom-
eprj&cmd=ShowDetail View& TermToSearch=13421) in
NCBI did not yield any sequences of porcine DC-SIGN
homologues of the human DC-SIGN. In addition, other pre-
dicted DC-SIGN homologues from domestic animal species
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had not been released from the genome databases when the

experimentation relating to the present invention had been

started. Therefore, to identify a novel porcine DC-SIGN gene,

a series of degenerate primers was first designed based on the

conserved sequences based upon multiple alignments of the

known human, non-human primates and mouse DC-SIGN
related cDNAs (T. B. Geijtenbeek et al., “Identification of

DC-SIGN, a novel dendritic cell-specific ICAM-3 receptor

that supports primary immune responses,” Cell 100:575-585

(2000); Bashirova et al., 2001, supra; F. Baribaud et al.,

“Functional and antigenic characterization of human, rhesus

macaque, pigtailed macaque, and murine DC-SIGN,” J. Virol.

75:10281-10289 (2001); Park et al., 2001, supra; A. A. Bashi-

rova et al., “Novel member of the CD209 (DC-SIGN) gene

family in primates,” J. Virol. 77:217-27 (2003)). An approxi-
mately 210-bp product was first amplified by RT-PCR from
total RNA of MDDCs with the primers NF-05 and NR-05

(FIG. 1(b)). A nested-PCR using the gel-purified fragment as

the template with the same forward primer NF-05 and a new

reverse primer NR-06 upstream to primer NR-05 also gener-
ated (i.e., amplified) a fragment with smaller size, indicating
the specificity of the PCR. Sequence analysis showed that the

sequence of this initial PCR fragment shares 62.6%, 61.2%,

and 57.6% sequence identity, respectively, to the correspond-

ing region of human DC-SIGN, human L-SIGN and mouse

DC-SIGN (SIGNRS5) ¢cDNA sequences, which represents a

region in the CRD of DC-SIGN.

Based upon this initial sequence, two gene-specific prim-
ers could be designed to amplify the 5'- and 3'-proximal
regions of the cDNA by 5'- and 3'-RACE PCR, respectively.
Since the reverse primer PDR-1 for 5'-RACE PCR is located
downstream of the 3'-RACE PCR primer PDF-1, the ampli-
fied 5'-RACE and 3'-RACE PCR products were expected to
have a 82-nt overlapping region, thus covering the full-length
sequence of the cDNA. The resulting two PCR products, each
with approximately 600 bp from the respective RACE PCR
(FIG. 1(c¢)), were assembled into a full-length cDNA
sequence. A BLAST search with this cDNA did not yield any
homologue’s sequence in Sus scrofa, indicting it is a novel
porcine DC-SIGN equivalent (that is, a species homologue)
which corresponds to the human DC-SIGN. The newly dis-
covered cDNA was designated as porcine DC-SIGN (pDC-
SIGN).

Characterization of porcine DC-SIGN ¢DNA and its deduced
protein product: The 1069-bp pDC-SIGN ¢cDNA encom-
passed an open reading frame (ORF) of 723 nucleotides
from position 26 to 728 encoding a protein with 240 amino
acids (FIGS. 2a-254). Like other C-type lectins, the deduced
pDC-SIGN product is predicted to be a type 1 transmem-
brane protein beginning from a putative 39-aa cytoplasmic
tail (CT) followed by a putative 31-aa transmembrane
domain (TMD). The extracellular domain consisted of a
38-aa neck region followed by a 132-aa CRD (FIGS.
2a-2b). An internalization motif, dileucine-based motif at
aa position 27-28, was found within the CT. Since inter-
nalization motifs in the CT of the transmembrane receptors
are important for the internalization of the ligand-receptor
complex, it is likely that the porcine DC-SIGN is able to
mediate endocytosis and transfer the potential bound
pathogen into the cytoplasm of the DC. Human DC-SIGN,
hL-SIGN, nonhuman primate DC-SIGN and mSIGNR1
contains variable repeated sequences within the neck
region whereas the remaining mSIGNR members, except
SIGNR2 and SIGNR6, do not have repeated sequence. The
sequence in the neck region of pDC-SIGN was non-re-
peated and the length was closer to SIGNRs 3-5 but was
highly related to mouse SIGNR7 and SIGNRS.
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The CRD of pDC-SIGN had a similar size with all the other
known DC-SIGN homologue proteins, although their overall
sizes were quite different due to the variation of the neck
region. The CRD was also the most conserved region shared
by porcine and other non-porcine DC-SIGN homologue pro-
teins, encompassing the key residues that form Ca>*— and
carbohydrate-binding sites. The CRD of hDC-SIGN has been
shown to bind two calcium ions using two close but distinct
sites (T. B. Geijtenbeek et al., “Identification of different
binding sites in the dendritic cell-specific receptor DC-SIGN
for intercellular adhesion molecule 3 and HIV-1,” J. Biol.

Chem. 277:11314-11320 (2002)). The Ca** site 1 contains

amino acid residues Asp176, Glul80, Asn203 and Asp208

that are essential for interaction of DC-SIGN with its ligands.

All four of these residues were conserved in pDC-SIGN.

Porcine DC-SIGN also had the common Glu-Pro-Asn

sequence (EPN sequences, aa position 200-202) and Glu207

as well as Asn218 involved in the Ca** site 2 that are critical
for binding mannose-, fucose- or galactose-containing oli-
gosaccharides. In addition, eight conserved cysteines pre-
dicted to form disulfide bonds were found in the CRD.
Since computer-predicted cDNAs encoding equine, opos-
sum, canis and bovine DC-SIGN homologues are available in
genome databases, the putative complete amino acid
sequences of their encoding proteins, together with those
from primates and mouse DC-SIGN related proteins, were
included to perform phylogenetic analysis. Also included was
the novel porcine LSECtin, a C-type lectin closely-related to,
but distinct from, DC-SIGN, as an out-group to construct a
neighbor-joining phylogenetic tree. The results showed that
the porcine and bovine proteins are most closely related to
each other than to others. A surprising finding was that
mSIGNR7, mSIGNRS, canis and equine DC-SIGNs were
clustered together with porcine and bovine proteins, forming
an individual cluster (i.e., clade) different from the cluster
containing other mouse and primates homologues. Pairwise
sequence comparison of the complete pDC-SIGN protein
with the DC-SIGN homologues from other species revealed
that pDC-SIGN was more homologous to bovine, canis and
equine proteins as well as to SIGNR7 and SIGNRS (over

50%) than to other DC-SIGN homologues (less than 50%),

which was consistent with the phylogenetic comparison of

CRD sequences.

In vitro expression of porcine DC-SIGN protein: In order to
determine if the pDC-SIGN is effectively translated and, if
so, whether the translated product has the putative trans-
membrane property, a transfection experiment was con-
ducted using BHK-21 cells. The full-length coding region
of'the pDC-SIGN gene with 720 bp was amplified by PCR
from RNA extracts of porcine MDDCs, and was subse-
quently subcloned into a eukaryotic expression vector pCI-
neo, to obtain plasmid pCI-DCS. BHK-21 cells were trans-
fected with this construct or vector alone. The expression
of pDC-SIGN protein was detected by IFA using a pDC-
SIGN-specific anti-peptide antibody raised against two
peptides in the CRD. The IFA results showed that most
cells expressing pDC-SIGN had a spreading cytoplasmic
and membrane staining (FIG. 3a). Some cells showed the
fluorescent signals only localizing on the cell membrane
(FIG. 3b). In contrast, cells transfected with pCl-neo vector
did not have any positive IFA signals (FIG. 3¢). It was
concluded from these results that the cDNA encoding por-
cine DC-SIGN is effectively translated in vitro and that the
resulting product is indeed a type Il transmembrane pro-
tein, that is, the cDNA of pDC-SIGN encodes a type 11
transmembrane protein. While the results illustrated effec-
tive translation, the assay showed only an approximate
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30% positive expression of pDC-SIGN by the transient

transfection of the pCI-PDCS plasmid. The anti-pDC-

SIGN antibody also detected a specific band of ~48 kDa in

the lysate of cells transfected with pCI-PDCS but not in

cells transfected with the empty vector control (FIG. 3d).

The molecular size was larger than that predicted from the

deduced amino acids sequence (28 kDa) probably due to

glycosylation, as pDC-SIGN contains a putative N-linked
glycosylation site (aa 102) in the neck region.
Characterization of full-length gene encoding porcine DC-

SIGN protein: After cloning and sequencing the cDNA of
the pDC-SIGN, the gene sequence of pDC-SIGN was then
sought and obtained. By using one-step genomic PCR, a
unique band of approximately 3.5 kb was amplified only
when the annealing and extension steps of the PCR cycle
were combined together at 68° C. (FIG. 4(a)). After clon-
ing of the PCR product into the TA vector, five individual
sequences determined by DNA sequencing using the
respective sequencing primer that shared a tandem over-
lapping region were assembled into a contig that repre-
sented the genomic sequence encoding the pDC-SIGN
gene (FIG. 4(b)). The consensus sequence of the pDC-
SIGN gene with 3438 bp in length was determined by
comparison of the sequences among three different inde-
pendent clones. Sequence analysis and pairwise alignment
with the cDNA sequence revealed that the pDC-SIGN gene
was encoded by eight exons spanning the complete coding
region of the gene in which exons 1 and 8 had undeter-
mined sizes. Although extra nucleotide sequences at the
both termini in the noncoding region of the determined
porcine cDNA were not included in the gene, the sequence
of all the eight exons was fully identical to that of the
coding region and partial 3' end noncoding region of the
c¢DNA, indicating the authenticity of the gene (FIGS.
5a-5d).

The intron sizes vary from 113 to 689 bp and all acceptor
and donor sequences on the introns conform to the GT-AG
rule. Additional alternatively spliced mRNA isoforms were
not predicted by the computer software program ASPic, sug-
gesting that the identified cDNA from porcine monocyte-
derived dendritic cells is likely the only existing isoform of
the pDC-SIGN expression, which is consistent with the
RACE-PCR result described herein. The detailed sequence is
displayed in FIGS. 5a-5d. The translation start site begins in
exon 1. The 3' end of exon 1, the entire exon 2 and the 5' end
of exon 3 encode the cytoplasmic tail (CT). The remaining
part of exon 3 and the 5' end of exon 4 encode the transmem-
brane domain (TMD). The neck region follows the TMD
sequence in exon 4, spans the entire exon 5 and the first 8
nucleotides of exon 6. The rest of exon 6, the entire exon 7 and
the 5' end of exon 8 encode the carbohydrate recognition
domain (CRD).

The pDC-SIGN gene shares a similar structure and size of
eight exons with the predicted bovine, canis DC-SIGN gene
and the identified mouse SIGNRS gene, including the local-
ization of the four domains to the corresponding exons. Pair-
wise comparison of the genomic sequences of pDC-SIGN
with bovine DC-SIGN, canis DC-SIGN or mouse SIGNRS
revealed that the last three exons encoding the CRD have the
highest sequence identity (70-85%). Overall identity of the
pDC-SIGN genomic sequences with other species (bovine
DC-SIGN>canis DC-SIGN>mouse SIGNR8) was also con-
sistent with the result from the phylogenetic analysis of DC-
SIGN proteins. Although limited sequence identity in the
overall intron sequences was shown in the four genes, some of
the intron regions adjacent to the exons were conserved,
especially between the porcine and bovine DC-SIGN genes
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and the porcine and canis DC-SIGN genes. These conserved

sequences may contain the common elements regulating the

gene expression.

To further confirm that the porcine DC-SIGN gene is the
first experimental identified gene among the non-primate
large mammalian species, a porcine transcript and Unigene
clusters alignment with human genome was performed by
map viewer in NCBI website. Comparative mapping of DC-
SIGN (CD209) between human and pig chromosomal seg-
ments including Ssc UniGene and Ssc RNA on pig genome
was done using the regional display between 7,400K to
8,040K from NCBI Map Viewer Build 36.2. Human DC-
SIGN gene is localized on chromosome 19p13.3 according to
NCBI map viewer build 36.2. Based on the correspondence
between human and pig chromosomal segments, the pDC-
SIGN gene is predicted to assign on (localized on) pig chro-
mosome 2 between SSC 2ql.1 to g2.1.

Tissue and cellular distribution of pDC-SIGN: Expression of
pDC-SIGN mRNA was detected in both of the primary
(thymus and bone marrow) and the secondary lymphoid
organs (lymph node and spleen) as well as lung and skeletal
muscles but not in duodenum, kidney, heart or liver of pig
by RT-PCR (FIG. 6a). The expression level in lymph node
and bone marrow was the highest. The detection of DC-
SIGN expressed in muscles was intriguing, though mouse
SIGNRs 7 and 8 were also found to express in skeletal
muscle.

Taking pDC-SIGN expression in various lymphoid organs
into account, it was speculates that pDC-SIGN may be also
expressed by specific hematopoietic cell populations in addi-
tion to MDDCs. Hence, flow cytometry analysis was per-
formed to detect the surface expression of pDC-SIGN protein
on PBL, monocytes, MDDCs, MDM®s and PAM (FIGS. 65
to 6d). Scatter profile of porcine PBMC clearly indicated two
cell populations, PBL. and monocytes, according to their mor-
phology. Since CD14 molecule is the surface marker for
porcine monocytes, these two cell populations could be sepa-
rated by immunomagnetic labeling MACS system using anti-
porcine CD14 monoclonal antibody. CD14+ monocytes were
further used to develop MDDCs with the addition of rpGM-
CSF and rplIl.-4 or MDM®s in the absence of the cytokines,
respectively. PBL and the monocytes did not show any pDC-
SIGN expression, which was somewhat expected since hDC-
SIGN or L-SIGN is not expressed on lymphocytes or mono-
cytes. Accordingly, there was no detectable pDC-SIGN
expression on a porcine monocytic cell line3D4/31 (FIGS. 65
to 6d). Upon differentiation of the monocytes into MDDCs in
culture, the pDC-SIGN expression was up-regulated with an
approximately 8-fold increase of median fluorescence inten-
sity from day 3 to day 7. Porcine DC-SIGN expression was
also found on MDM®s. Compared to MDDCs, the majority
of MDM®s gave a pDC-SIGN phenotype. PAM’s were
dominated by a pDC-SIGN phenotype, but the expression
level was lower than that on MDM®s. In accordance with
undetectable expression of pDC-SIGN mRNA in pig kidney,
the protein was not expressed in an epithelial cell line PK15
derived from pig kidney (FIGS. 65 to 6d).

To further confirm whether pDC-SIGN protein was indeed
expressed in particular cell populations of lymphoid tissues,
THC analysis on paraffin sections of pig lymph node and liver
tissues was performed. It was found that pDC-SIGN protein
showed a predominant sinusoidal pattern of expression in
lymph nodes (FIG. 7(a)). However, there was no detectable
expression in pig livers (FIG. 7(b)), which was consistent
with the RT-PCR results (FIG. 6a). Most of the cells immu-
nostained with pDC-SIGN-specific anti-peptide antibody in
sinuses of lymph nodes were macrophage-like and dendritic-
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like cells (FIG. 7(c)). Endothelial cells in lymphatic vessel of
parenchyma were also immunostained with pDC-SIGN-spe-
cific anti-peptide antibody (FIG. 7(d)). The expression pat-
tern of pDC-SIGN protein in pig lymph nodes is analogous to
that of hDC-SIGN in human lymph nodes where hDC-SIGN
protein was identified not only on sinusoidal macrophages but
also on endothelial cells by IHC. The absence of pDC-SIGN
expression in pig livers supported that the cloned pDC-SIGN
is not the L-SIGN homologue since the presumed porcine
L-SIGN, if exists, should be strongly expressed on LSECs.

EXAMPLE 2

Generation of a Stable Cell Line Expressing Porcine
DC-SIGN

Materials and Methods

Construction of a bicistronic expression vector harboring por-
cine DC-SIGN: The complete coding region (723 bp) of
pDC-SIGN was amplified by PCR using primers Nco-
DCS-5 (5'-ATACCATGGCAGAGATATG-3" (which cor-
responds to SEQ ID NO:25)) and Xho-DCS-3 (5'-
AGTCTCGAGTCAGAGCATGGGGCAGGGAGA-3'
(which corresponds to SEQ ID NO:26)) and subsequently
cloned into a bicistronic expression vector pTriEx-1.1 Neo
vector (commercially available from Novagen, Madison,
Wis.) (the sequence and map of the pTriEx-1.1 Neo vector
are shown at www.emdbiosciences.com/docs/docs/PROT/
TB293.pdf) downstream of a hybrid promoter composed
of'the CMV immediate early enhancer fused to the chicken
beta-actin promoter using Nco [ and Xho I restriction sites.
The construct, designated “pTriEx-PDCS,” was sequenced
to verify the identity and determined to be 7243 by in
length (includes the backbone vector pTriEx-1.1 Neo
(6664 bp) plus the insertion of the protein coding region of
porcine DC-SIGN (723 bp) and the subtraction of the
sequence between Nco [ and Xho I on the vector (144 bp)).
The pTriEx-PDCS construct was subsequently used to
generate a stable cell line (BHK-21) stably expressing
pDC-SIGN.

Transfection and stable cell line selection: BHK-21 cells were
seeded at 2x10° cells per well onto a 6-well plate and were
grown in complete growth medium (10% fetal bovine
serum in DMEM) without antibiotics for approximately 24
hours until they reach 80%-90% confluency before trans-
fection. Individual well of the cells was transfected with
plasmid pTriEx-PDCS or empty vector pTriEx-1.1 Neo,
respectively, using Lipofectamine 2000 (Invitrogen Cor-
poration, Carlsbad, Calif.) according to the manufacturer’s
instruction. Briefly, 2 pug of plasmid DNA was mixed with
6 uL Lipofectamine 2000 and 500 pL, of Opti-MEM (Invit-
rogen Corporation, Carlsbad, Calif.) at room temperature
for 20 min and then added to the cells. The transfected cells
were incubated for approximately 36 hours to allow
expression of the target pDC-SIGN gene without the
growth medium and then replaced with complete growth
medium plus Geneticin® selective antibiotic (a G-418
reagent that is an aminoglycoside analog of neomycin sul-
fate related to Gentamicin that is commercially available
from Invitrogen Corporation, Carlsbad, Calif.) ata concen-
tration of 1 mg/mL. The Geneticin®-containing medium
was changed every two days to remove dead or dying cells.
After 12 days, the surviving cells were treated with trypsin

and plated in 60-mm dishes at a dilution such that single cells

would give rise to well-separated, individual colonies. The
cells were grown for approximately two weeks until indi-
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vidual colonies of several hundred cells were present and
isolated by cloning rings technique. The locations of colonies
to be removed were marked and cloning rings were carefully
placed to encircle the colonies. The cells in a cloning ring
were trypsinized and then transferred into an individual well
of a 24-well plate. When the transferred cells had grown to
sufficient density, they were re-plated in T-25 flasks, grown
until the cells reach 100% confluency and recognized as an
engineered cell line.

Human ICAM-3 and ICAM-2 binding assay: Adhesion of
human ICAM-3 or ICAM-2 to pDC-SIGN proteins was
assessed with BHK-PDCS and BHK-21 cells by measur-
ing detectable cells that bound the soluble immunoadhes-
ins through FACS analysis. 3T3-HDCS cells were used as
the positive control. Cells (1~3x10° per sample) were
resuspended in 100 pL. PBS containing 2% FBS and incu-
bated for 60 min at 4° C. with 1 pug of recombinant human
1gG, Fe (hFc¢), human ICAM-3-Fc (hICAM3-Fc) chimera
or hICAM2-Fc¢ chimera (R&D Systems, Minneapolis,
Minn.) in the presence or absence of mannan (100 pg/ml.)
or ethylene glycol tetraacetic acid (EGTA, 10 mM). Cells
were then washed twice and incubated for another 45 min
at 4° C. with 0.5 pg of FITC-labeled anti-human IgG Fe
antibody (KPL, Inc., Gaithersburg, Md.) in 100 pl. PBS
containing 2% FBS. Fluorescence was monitored using
FACSAria (BD Biosciences, San Jose, Calif.).

Flow cytometry analyses: BHK, 3D4/31, PK15 and 3T3-
HDCS cells used for surface staining were collected by
trypsin treatment, counted and adjusted to 1x10° cells/mL
in chilled washing buffer (PBS buffer containing 0.1%
sodium azide and 0.2% BSA). For each of porcine PBL,
PAM, MDDCs and MDM®s, the cell concentration was
adjusted to 2~5x10° cells/mL. After microcentrifugation
and removal of the buffer, approximately 2~10x10° cells
were incubated with 10 ulL of the pDC-SIGN-specific anti-
peptide antibody to porcine DC-SIGN at optimal dilution
(1:25 for BHK cells and 1:100 for porcine cells, though an
earlier flow cytometry analysis performed at 1:50 dilution
for porcine cells also worked fine) in PBS for 30 to 60 min.
The cells were washed to remove unbound antibody and
stained with 10 pl, of FITC-labeled goat anti-rabbit 1gG
(KPL, Inc., Gaithersburg, Md.) at 1:100 dilution in PBS for
30 min. The two staining procedures were performed at 4°
C. For detection of human DC-SIGN expressed on 3T3-
HDCS, amouse anti-hDC-SIGN mAb (clone 120507, NIH
AIDS Research and Reference Reagent Program) and a
FITC-labeled goat anti-mouse IgG (KPL, Inc., Gaithers-
burg, Md.) were used for staining. Fluorescence was moni-
tored using FACSAria (BD Biosciences, San Jose, Calif.)
or FACSCalibur (BD Biosciences, San Jose, Calif.) and the
results were analyzed using Flowlo software (Tree Star,
Ashland, Oreg.). The representative cell line expressing
porcine DC-SIGN on the surface that was confirmed by
flow cytometry analysis was designated “BHK-PDCS.” To
obtain a high level of pDC-SIGN expression, cell line
BHK-PDCS was further sorted using the pDC-SIGN anti-
body by fluorescence-activated cell sorting (FACS).

Results and Discussion

Generation of a stable cell line expressing porcine DC-SIGN:
The bicistronic expression vector pTriEx-1.1 Neo can be
used to generate cell lines expressing target genes. The
vector uses an internal ribosome entry site (IRES) derived
from the encephalomyocarditis virus (ECMV), allowing
the inserted target gene and the neomycin-resistance gene
to be translated from a single mRNA. PCR amplicon
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encoding the complete coding region of pDC-SIGN was
introduced into the downstream of a hybrid promoter as the
first cistron that is cap dependent, while the neomycin-
resistance gene is under the control of IRES as the second
cistron. With this vector system, selection of stable cell
lines transfected with pTriEx-PDCS is more efficiently
accomplished than using pCI neo vector-derived construct

(pCI-PDCS), presumably because of the linked expression

of both genes.

A representative BHK-21 cell colony transfected with the
pDC-SIGN expression plasmid pTriEx-PDCS was developed
into a cell line under the selection of Geneticin® antibiotic (a
(G-418 reagent that is an aminoglycoside analog of neomycin
sulfate related to Gentamicin that is commercially available
from Invitrogen Corporation, Carlsbad, Calif.); and the cell
line was designated BHK-PDCS. To determine whether
pDC-SIGN can be expressed on the cell surface, cell lines
BHK-PDCS and BHK-21 were stained with polyclonal pDC-
SIGN antibody for flow cytometry analysis. Shown in FIG.
8a, no detectable staining with the antibodies was displayed
on BHK-21 cells whereas the surface expression of pDC-
SIGN protein on BHK-PDCS cells was detected, indicating
that the BHK-PDCS cell line was able to synthesize pDC-
SIGN proteins. The result also confirmed that pDC-SIGN
belongs to a type II integral membrane protein family. BHK-
PDCS was further enriched and sorted, to obtain a purer cell
population with pDC-SIGN expression, by FACS and used
for the subsequent binding experiments. In addition, 3T3-
HDCS cell line stably expressing hDC-SIGN (described by
L. Wu et al., “Functional evaluation of DC-SIGN monoclonal
antibodies reveals DC-SIGN interactions with ICAM-3 do
not promote human immunodeficiency virus type 1 transmis-
sion,” J. Virol. 76:5905-14 (2002)) verified by staining with a
hDC-SIGN specific mAb (FIG. 8a) was used for a positive
control.

Binding of human ICAM-3 and ICAM-2 immunoadhesins to
BHK cells stably expressing pDC-SIGN: Binding of
soluble hFc, hICAM-3-Fc and hICAM-2-Fc in the pres-
ence or absence of either mannan or EGTA to pDC-SIGN-
negative BHK-21 cells was not observed (FIGS. 85-8¢).
However, a binding of either hICAM-3-Fc or hICAM-2-Fc
to both ofthe DC-SIGN-positive cells was observed. Bind-
ing of hICAM-3-Fc to BHK-PDCS cells had a higher affin-
ity than binding of hICAM-2-Fc to BHK-PDCS cells. The
binding was specific since binding of hFc alone to BHK-
PDCS or 3T3-HDCS was negative. Furthermore, the addi-
tion of mannan blocked the binding of both hICAM-3-Fc
and hICAM-2-Fc, so did the presence of EGTA. Inhibition
by EGTA was more efficient than that by mannan in both of
the DC-SIGN-positive cells (FIGS. 856-8¢). The results
indicated that pDC-SIGN is able to cross-react with human
ICAM-3 or ICAM-2 and the interaction is dependent on
Ca®* and is mediated by the CRD of pDC-SIGN.

EXAMPLE 3

Involvement of Porcine DC-SIGN on Transmission
of or Infection by Porcine Reproductive and
Respiratory Syndrome Virus (PRRSV)

Materials and Methods

Generation of PRRSV virus stocks: Two PRRSV strains from
different genotypes were used in this study. The virus
stocks of genotype 1 PRRSV expressing green fluorescent
protein (GFP), designated “PGXG” for purposes of this
study, was generated by transfection of MARC-145 cells
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capable of supporting PRRSV infection with a PRRSV
infectious ¢cDNA clone (a gift of Dr. Ying Fang, South
Dakota State University). The infectious PRRSV ¢cDNA
clone was modified to be DNA-launched with much higher
efficiency followed by two serial passages on MARC-145
cells. The virus stocks were PRRSV-containing superna-
tants without cell debris, which was removed by centrifu-
gation. The virus titers of PGXG and a genotype 2 North
American PRRSV strain VR2385 kept under storage con-
ditions were determined by limiting dilution on MARC-
145 cells through IFA and quantified as fluorescent focus-
forming unit (FFU) per mL, respectively.

PRRSYV binding assay: BHK-PDCS and BHK-21 cell mono-
layers were dispersed by incubation with cell dissociation
buffer (an enzyme free PBS-based buffer commercially
available from Invitrogen Corporation, Carlsbad, Calif.)
and washed twice with PBS containing 2% FBS. A total of
5%x10° cells in suspension were inoculated with a PRRSV
strain VR2385 at a multiplicity of infection (M.O.1.) of 10
FFU per cell. After virus adsorption for 60 min at 4° C. and
washing twice, cells were incubated with a PRRSV mAb
SDOW17-A (Rural Technologies, Inc., Brookings,
S.Dak.) at a 1:1000 dilution for 30 min at 4° C. Cells were
subsequently washed twice to remove free antibody and
then incubated with a FITC-labeled goat anti-mouse IgG
(KPL, Inc., Gaithersburg, Md.) at a 1:50 dilution to deter-
mine the binding of PRRSV to the cells by FACS analysis.
For the PRRSV-blocking ICAM-3 binding assay, BHK-
PDCS cells were incubated with either PGXG or VR2385
(M.O.1.=10 FFU per cell) for 60 min at 4° C. before
hICAM-3-Fc addition.

PRRSV capture and in trans transmission assay: BHK-
PDCS, BHK-21 or MARC-145 donor cells (2.5x10° cells
for each) were incubated with either PGXG or PRRSV
VR2385 virus at a M.O.1. 0o 0.5 FFU per cell in a volume
of 500 uL. for 3 hours to allow adsorption of the virus. Cells
were then washed with PBS, mixed with MARC-145 target
cells (1.0x10°) in 1 mL MEM supplemented with 2% FBS
and seeded onto individual wells of 12-well plates. Three
days post-infection, cells were scraped and the PRRSV
viruses were recovered by three cycles of freeze-thaw.
Virus titers were determined as described above.

Results and Discussion

Porcine DC-SIGN expressed on the surface of BHK cells is
not involved in the PRRSV virus entry but enhances
PRRSV transmission to target MARC-145 cells in trans:
BHK-21 was shown to support enveloped PRRSV replica-
tion inside the cell but not allow cell-to-cell spread of the
virus (see earlier study of J. J. Meulenberg et al., “Infec-
tious transcripts from cloned genome-length cDNA of por-
cine reproductive and respiratory syndrome virus,” J. Virol.
72:380-7 (1998)). Since pDC-SIGN was expressed on
PAM, the susceptible host cells for PRRSV which contains
highly-glycosylated envelope viral proteins, it was impor-
tant to see if pDC-SIGN expressed on the cell surface was
involved in PRRSV attachment and entry. Transfection of
BHK-PDCS cells with a genotype 1 PRRSV infectious
c¢DNA clone could recover the virus with GFP expression
that subsequently propagated in target MARC-145 cells
(FIG. 9a). However, the virus (PGXG) released into the
cell culture medium was unable to infect the untransfected
BHK-PDCS cells, demonstrating that pDC-SIGN is not
involved in PRRSV entry. Since BHK-21 cell line was also
known to be susceptible for PRRSV binding (see, for
example, D. Therrien et al., “Preliminary characterization
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of protein binding factor for porcine reproductive and res-

piratory syndrome virus on the surface of permissive and

non-permissive cells,” Arch. Virol. 145:1099-16 (2000)), a

PRRSV specific binding assay was subsequently per-

formed to compare the virus attachment on the cell surface

between BHK-PDCS and BHK-21 cells. It was found that

PRRSYV indeed bound to both cell lines, although it was

difficult to quantify the difference (FIG. 95). To determine

whether the attachment of PRRSV on BHK-PDCS cells
could interfere with the pDC-SIGN-hICAM-3 interaction,
cells were pretreated with either genotype 1 PRSV strain

PGXG or genotype 2 PRRSV strain VR2385 before the

hICAM-3-Fc¢ binding. The results showed that both

PRRSYV strains blocked the hICAM-3 binding, suggesting

an unexpected correlation between PRRSV attachment

and expression of pDC-SIGN on the BHK cell surface

(FIG. 9¢).

Furthermore, since hDC-SIGN has been shown to effi-
ciently transmit viruses to target cells, whether pDC-SIGN
has the analogous ability to facilitate PRRSV transmission
through donor cell-to-target cell contacts in trans was in ques-
tion. BHK-PDCS and BHK-21 cells were used as donor cells
whereas the susceptible MARC-145 cells were used as the
target cells (or donor cells in the control) in the PRRSV
capture and transmission assay. The donor cells were incu-
bated with culture medium (as a mock-incubation control),
PRRSV PGXG strain and PRRSV VR2385 strain, respec-
tively. Compared to the virus titers obtained from direct infec-
tion of MARC-145 cells with PRRSV at the same M.O.I. of
0.5 FFU per cell that could reach up to 1x107 FFU/mL, the
virus titers of PRRSV grown in MARC-145 cells transmitted
by three types of donor cells were much lower, ranging from
2.9x10* FFU/mL to 2.5x10* FFU/mL (FIG. 94), indicating
that the transmission of PRRSV could be quantified in spite of
the low efficiency. PRRSV transmitted by MARC-145 cells
was more efficient than that by the two BHK cells due to the
presence of more cells (donor cells were also used as target
cells). PRRSV transmission by BHK-PDCS was enhanced by
52% (p=0.07) for PRRSV PGXG strain and by 72% (p=0.02)
for PRRSV VR2385 strain compared to that by BHK-21 cells,
respectively (FIG. 94), suggesting that pDC-SIGN is prob-
ably associated with PRRSV transmission in trans under
these conditions.

EXAMPLE 4

Cloning and Characterization of Porcine ICAM-3
cDNA Isoforms

Materials and Methods

Pigs: Venous blood samples were collected from healthy
crossbred conventional pigs of 3 to 7 weeks of age. Pigs
were maintained in an isolated room under experimental
conditions.

Preparation and culturing of CD14-positive monocytes from
pigs: Heparinized blood collected from pigs was diluted
1:2 with phosphate-buffered saline (PBS) and centrifuged
over Ficoll-Paque PREMIUM (GE Healthcare, Sweden) at
1000 g for 40 min at room temperature. The bufty coat
layer containing peripheral blood mononuclear cells
(PBMC) was isolated and washed three times with PBS at
250 g for 10 min at 4° C. CD14-positive monocytes on the
surface in PBMC were sorted by immunomagnetic label-
ing MACS system of cells using anti-CD14 mAb (M-M9,
VMRD Inc., Pullman, Wash., USA) and goat anti-mouse
IgG1-magnetic microbeads (Miltenyi Biotec GmbH, Ber-



US 8,415,118 B2

43

gisch Gladbach, Germany). Purified monocytes were

resuspended at 1x10° cells/mL in Dulbecco’s modified

Eagle’s medium (DMEM) supplemented with 10% heat-

inactivated fetal bovine serum (FBS), 55 umol/L. of f-mer-

captoethanol and antibiotics. The monocytes were then
cultured in 6-well plates or 60-mm Petri dishes at 37° C. in
the presence of 25 ng/mL of recombinant porcine granu-
locyte-macrophage colony stimulating factor (rpGM-CSF,

R&D Systems, Minneapolis, Minn.) and 25 ng/ml. recom-

binant porcine interleukin-4 (rpIL-4, Endogen, Rockford,

111.). Half of the culture medium was replaced with fresh

medium every 3 days.

RNA extraction: In vitro cultured porcine monocytes were
harvested between the seventh and the tenth days, and used
as porcine monocyte-derived dendritic cells (MDDCs).
Total RNAs from porcine MDDCs were isolated using
RNeasy mini kit (Qiagen Inc., Valencia, Calif.) according
to the manufacturer’s protocol.

5'-RACE, 3'-RACE and RT-PCR: RT and RACE-PCR were
performed with a SMART RACE c¢DNA amplification kit
and Advantage 2 PCR Enzyme Systems (Clontech, Palo
Alto, Calif.) according to the manufacturer’s manual. The
gene-specific primers used for 5-RACE and 3'-RACE
were PIC54 (5'-GCGTCCAGGTTAAGACACGCCG-3'
(which corresponds to SEQ ID NO:20)) and PIC51 (5'-
TCCGCGAGCAGAGACGACCACG-3' (which corre-
sponds to SEQ ID NO:21)), respectively, which were
designed based on the sequence of known partial porcine
ICAM-3 gene (GenBank accession no. AJ632303) (Leeb
and Muller, 2004, supra). The RACE reaction products
were sequenced directly with the respective primers and
were subsequently cloned into pCR2.1 vector (Invitrogen
Corporation, Carlsbad, Calif.) by TA cloning strategy and
sequenced with M13 forward and reverse primers at the
Virginia Bioinformatics Institute (Blacksburg, Va.).

To verify the integrity of two isoforms of full-length por-
cine ICAM-3, forward primer PICSE (5'-CTGTGGGT-
TCATGTGGGATCAGGGT-3' (which corresponds to SEQ
1D NO:22)) and reverse primer PIC58 (5'-GGGGACAGCA-
GAAACGGAACGTCA-3' (which corresponds to SEQ ID
NO:23)) were used to amplify the full-length porcine
ICAM-3 cDNA. The two resulting PCR products were sub-
cloned into pCR2.1 vector respectively, sequenced and des-
ignated as pPIC3L and pPIC3S.

Genomic PCR: The QIAamp DNA blood Mini kit (Qiagen
Inc., Valencia, Calif.) was used for isolation of DNA from
porcine MDDCs, whole blood or PBMC. The primers used
for the amplification of the porcine ICAM-3 genomic
sequence were designed based on the full-length porcine
ICAM-3 c¢DNA sequence identified from this study. For-
ward primer PIC53 (5'-CCCACGAGATTGTCTG-
CAACGTGACC-3' (which corresponds to SEQ ID
NO:24)) and reverse primer PIC58 are located in exon 4
and exon 7, respectively. KOD high fidelity DNA poly-
merase (Novagen, Madison, Wis.), TaKaRa LA Taq with
GC Buffer (TaKaRa, Japan) or Advantage Genomic PCR
Kit (Clontech, Palo Alto, Calif.) were used for the genomic
PCR amplification according to the respective manufactur-
er’s protocols. The PCR products of the porcine ICAM-3
genomic fragments were sequenced directly for both
strands.

Sequence analyses: Analyses of the DNA and amino acid
sequences were performed using [asergene package
(DNASTAR Inc., Madison, Wis.).

Results and Discussion

Generation of porcine MDDCs from cultured adherent
PBMC: Adherent porcine CDI14-positive PBMC cells
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were grown in medium supplemented with rpGM-CSF and
rplL-4. Single and aggregated veiled-shaped cells first
appeared after one day of culture. Larger cells with irregu-
lar shape with long veils protruding from the cell body and
cluster formation were apparent at day 7, indicating the
generation of porcine MDDCs. Cultured cells without
addition of rpGM-CSF and rpIL-4 did not show any mor-
phological change or aggregation.

Cloning and characterization of two isoforms of porcine
ICAM-3 cDNA: Although the partial porcine ICAM-3
gene is reported Leeb and Muller, 2004, supra), the cDNA
of porcine ICAM-3 has not been identified to date. Based
on the predicted partial porcine ICAM-3 coding region,
two primers PIC54 and PIC51 were designed and 5'- and
3'-RACE PCRs were performed using total RNAs
extracted from porcine MDDCs. Since the reverse primer
PIC54 for 5'-RACE PCR is located downstream of
3'-RACE PCR primer PIC51, the amplified 5-RACE and
3'-RACE PCR products have a 55-nt overlapping region,
thus covering the full-length sequence of the porcine
ICAM-3.

Two fragments with approximately 850 bp and 750 bp,
respectively, were amplified from 5'-RACE PCR (FIG.
10(a)), whereas only one band of approximately 700 bp from
the 3'-RACE PCR was visualized on a 1% agarose gel (FIG.
10(b)). Assembly and analyses of the resulting sequences
identified two isoforms of porcine ICAM-3 cDNAs that are
different at the 5'-end region. The full-length large and small
isoforms of ICAM-3 were subsequently obtained by RT-PCR
amplification using two primers complementary to both ends
of'the available sequence, respectively. Sequence analyses of
the two isoform products verified the results from the assem-
bly of 5'- and 3'-RACE products.

The large isoform (ICAM-3L) is 1,493 bp in length, with
two open reading frames (ORFs) starting at nt position 13 or
258, respectively (FIGS.11a and 115). The first ORF encodes
a 63-aa small peptide that does not overlap with the second
ORF. The second ORF with 1,119 bp in length is predicted to
encode the porcine ICAM-3, which is followed by 117 by 3'
uncoding region, a polyadenylation signal at nt position 1452,
and a poly(A) tail beginning at nt position 1469. The pre-
dicted ICAM-3 protein has a 34-aa putative signal peptide
followed by 338 amino acids of the mature protein. The
predicted 26-aa hydrophobic transmembrane domain, start-
ing at aa position 321, is followed by a 26-aa putative cyto-
plasmic tail.

The small isoform (ICAM-3S) with 1,379 bp in length has
114-nt deletion beginning at nt position 145 when compared
to the large isoform ICAM-3L (FIGS. 11a and 114). The
deletion starts in-frame from aa position 45 of the first ORF
and precedes the ATG start codon of the second ORF, result-
ing in the fusion of the second ORF with the first truncated
one. Therefore, the small isoform porcine ICAM-3S only
encodes one ORF with 416 amino acids. Whether the small
OREF in the large isoform porcine ICAM-3L is capable of
expressing a functional peptide, or whether the single ORF in
the small isoform ICAM-3S initiates at nt position 13, remain
to be determined. Both isoforms share main coding region
beginning from the putative signal peptide (FIGS. 11a and
115).

Findings: The results show that the porcine ICAM-3 isoforms
only consist of three Ig-like domains. Since the human,
non-human primates and bovine ICAM-3s consist of five
Ig-like domains that define them as a subfamily of the Ig
gene superfamily, one would expect that porcine ICAM-3
should have the similar structure since, besides non-human
primates, swine is the closest species to humans. Surpris-
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ingly, however, it was found that the cloned porcine
ICAM-3 only encoded three extracellular Ig-like domains
with intrachain disulfide bonds typical of Ig-like loops.
Compared to the partial porcine ICAM-3 ¢cDNA deduced
from the reported partial gene, the existing three Ig-like
domains are identical and recognized as domains 1-3. In
addition, the highest sequence identity of each domain with
the corresponding ones in porcine ICAM-1 and ICAM-2
also indicated that the cloned ICAM-3 harbors domains
1-3 (see Table 2 below) (C. J. Stocker et al., “Cloning of
porcine intercellular adhesion molecule-1 and character-
ization of its induction on endothelial cells by cytokines,”
Transplantation 70:579-586 (2000); J. W. Godwin et al.,
“Characterization of pig intercellular adhesion molecule-2
and its interaction with human LFA-1,” Am J Transplant.
4:515-525 (2004)). Similar to ICAM-1 and ICAM-2, the
Ig-like domain 1 (D1) contains two putative disulfide
bonds. Sequence comparisons between individual
domains of porcine-human or porcine-bovine ICAM-3s
revealed that both domain 2 (D2) and domain 3 (D3) are
relatively conserved, 67% for D2 and 68.8% for D3
between porcine and human, and 71.4% for D2 and 66%
for D3 between porcine and bovine. The D1 shows lower
sequence identity between porcine and human as well as
porcine and bovine. Interestingly, although bovine
ICAM-3 consists of five Ig-like domains, its phylogenetic
relationship with porcine ICAM-3 is closer than with pri-
mates, with 40.7% amino acid identity and forms an indi-
vidual cluster from the primates ICAM-3s. This relation-
ship suggests that bovine and porcine ICAM-3s evolved
from a divergent pathway.

TABLE 2
Amino acid Sequence identities between porcine ICAM IgSF domains
ICAM-3 Domain 1 Domain 2 Domain 3
ICAM-1 Domain 1 24.4% 8.2 8.5
Domain 2 5.6 59.2 16.0
Domain 3 12.2 15.3 31.9
Domain 4 12.2 18.4 13.8
Domain 5 6.7 9.2 12.8
ICAM-2 Domain 1 23.3 12.2 8.5
Domain 2 7.8 30.6 19.1
ICAM-3 Domain 1 NA 8.2 11.7
Domain 2 NA NA 19.1
Domain 3 NA NA NA

*Percent amino acid sequence identities between Ig-like domains was calculated by Mega-
lign program. Comparison of porcine ICAM-3 domains 1-3 with corresponding domains in
porcine [CAM-1 or [ICAM-2 was marked with bold.

Eight potential N-linked glycosylation sites are predicted
to locate on the three domains (FIGS. 11a and 115). The first
site in D1 comprises conserved residues Asn57 and Ser59
identical to human ICAM-3 that were critical for LFA-1
binding (L. B. Klickstein et al., “Localization of the binding
site on intercellular adhesion molecule-3 (ICAM-3) for lym-
phocyte function-associated antigen 1 (LFA-1),” J. Biol.
Chem. 271:23920-23927 (1996)), implicating that the
molecular interaction between LFA-1 and ICAM-3 in swine
may have similar pattern with human ICAM-3.

The transmembrane domain (TMD) and cytoplasmic tail
(CT) of porcine ICAM-3 show little conservation with those
of porcine ICAM-1 and ICAM-2 or with human and bovine
ICAM-3s. It is found that the serine residues in the CTs of
human and bovine ICAM-3s are unique, and neither human,
rat nor mouse ICAM-1 or ICAM-2 contain any serine resi-
dues in their CTs (F. Lozano et al., “Effect of protein kinase C
activators on the phosphorylation and the surface expression

35

40

45

46

of'the CDw50 leukocyte antigen,” Eur. J. Biochem. 203:321-
326 (1992)). Interestingly, like human and bovine ICAM-3s,
porcine ICAM-3 as well as porcine [ICAM-1 and -2 all contain
serine residues in their CTs. It has been shown that the serine
residues on human ICAM-3 undergo transiently phosphory-
lation, leading to different intracellular signals and different
roles in cell adhesion. Whether porcine ICAM members use
phosphorylated serine residues for signal transduction like
human ICAM-3 remain to be determined.

Each Ig-like domain of ICAM members is encoded by a
distinct exon. In ICAM-1-deficient mice, complete exon
skipping of murine ICAM-1 gene resulted in splicing variants
with deletion of Ig-like domains 2, 3, and/or 4. However, the
appearance of these variants may be due to pathological con-
dition. The splicing isoforms of human ICAM-3 have not
been reported, regardless of under pathological or normal
physiological condition. Both human and bovine ICAM-3
genes have seven exons: exon 1 encodes the signal peptide,
exons 2 through 6 encode D1 through DS, respectively, and
exon 7 encodes TMD plus CT. The available sequence of
porcine ICAM-3 gene is not complete and only contains
region from exon 1 to partial exon 5. The porcine ICAM-3
isoforms identified from this study, with D4 and D5 deletion,
are likely the results of continuous skipping of exons 5 and 6
of porcine ICAM-3 gene (FIG. 12a). Therefore, to better
understand the splicing mechanism, cloning and sequencing
the remaining unknown region of porcine ICAM-3 gene were
undertaken.

Cloning and characterization of the 3'-proximal region of
porcine ICAM-3 gene: The TMD as well as the CT region
of porcine ICAM-3 is presumably encoded by exon 7. The
sequence of exon 7 was determined in this study from the
porcine ICAM-3 cDNA, and thus was used to design a
reverse primer for the genomic PCR in order to identify the
unknown 3'-proximal region of the gene. To minimize
unwanted mutations and to avoid any potential artificial
deletion due to PCR amplification of the GC-rich region,
three different commercial kits were used in the genomic
PCR amplification. The resulting PCR products using all
three PCR kits had the size of approximately 1.5 kb in
length. Sequence analyses of these 1.5-kb PCR products
revealed that they were all identical, and hence represents
the 3'-proximal region of porcine ICAM-3 gene encom-
passing 72 bp of exon 4, all 273 bp of intron 4, all 255 by of
exon 5, all 119 bp of'intron 5, all 244 bp of exon 6, all 360
bp of intron 6, and 217 bp of exon 7 (FIG. 125). When the
previously reported partial porcine ICAM-3 gene was
pieced together with the remaining sequence identified in
this study, the organization of the complete porcine
ICAM3 gene was showed as similar to that of human,
non-human primates and bovine, which all contains seven
putative exons spread over 7 kb. Exons 3 through 7 are
clustered at the 3'-half of the gene.

The unknown boundary sequences of exons 5, 6 and 7 of
porcine ICAM-3, respectively, were analyzed and the
sequences compared with those in human and bovine (see
Table 3 below). The boundary sequence of exon 7 including
splice acceptor site (SAS) of intron 6 is similar to that in
human. Exon 7 begins from two (GT) of the triplet (AGT)
encoding the starting serine residue of TMD and CT region,
which is consistent with the porcine ICAM-3 cDNA structure
(FIGS. 11a and 115). For exons 5 and 6, except for the splice
donor site (SDS) of intron 6, other boundary sequences fulfill
the consensus elements known to be involved in splicing and
are conserved among the three species (Table 3, FIG. 125).
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Since most introns start from the sequence GT, the point
mutation (G to A) at the putative SDS of intron 6 likely
eliminates the splicing signal, and thus leading to the skipping
of exon 6. Other alternative SDS was not found in the down-
stream sequence.

In the predicted coding region of exon 5, a significant 3-nt
substitution, CTT to TGA, was observed at nt position 141
from the start sequence of the exon compared to the corre-
sponding positions in human and bovine ICAM-3 genes. The
mutation is in-frame but changes a leucine residue to a stop
codon. The 255-bp size of the exon 5 in swine is the same as
that in human and bovine.

The sequence of the putative exon 6 was more complicated.
A 4-nt deletion and a 1-nt deletion were found at nt position
53 from the start sequence and nt position —7 from the end
sequence of the exon, respectively. The 4-nt deletion results in
a frame shift, and thus leading to four subsequent in-frame
stop codons (FIG. 125).

To make sure there is no missing RNA transcript encom-
passing exon 5 or 6, based on the obtained sequence infor-
mation of exons 5 and 6, it was specifically attempted to
amplify cDNA fragments with a forward primer PIC53 and

several reverse primers complementary to the sequences of

exon 5 or exon 6. No specific fragment was amplified, imply-
ing that the porcine ICAM-3 gene likely only produces
mature mRNA in which the exons 5 and 6 had been skipped.

TABLE 3
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sion properties with porcine LFA-1 and DC-SIGN, thus play-
ing similar roles in the corresponding porcine immune
responses.

EXAMPLE 5

Cloning and Characterization of Porcine LSECtin
c¢DNA and Gene

Materials and Methods

RNA extraction and reverse transcription PCR (RT-PCR):
Healthy crossbred conventional pigs of 7 weeks of age
were used for the collection of tissue samples. Pigs were
maintained in an isolated room under experimental condi-
tions. Total RNA was isolated from homogenized pig liver
using the RNeasy mini kit (Qiagen Inc., Valencia, Calif.)
followed by an RNase-free DNase I treatment. First-strand
c¢DNA was synthesized from total RNA with SuperScript 11
reverse transcriptase (Invitrogen Corporation, Carlsbad,
Calif.) using oligo-dT (Promega Corporation, Madison,
Wis.) as the reverse primer. A pair of gene-specific primers,
PLST-F (5'-TATGCCCAGAGCAGGGCACC-3' which
corresponds to SEQ ID NO:31) and PLST-R (5'-
GGGCTAGGTCAGCAGTTGTGC-3" which corresponds
to SEQ ID NO:32), was designed for the amplification of

Comparison of the intron/exon boundary sequence of

exong 5-7 in human, bovine, and porcine ICAM-3 dgenheg
Exon 5 Exon 6 Exon 7
Specie SAS SDS SAS SDS SAS SDS
Human tttag/GCTTC CCTGT/gtgag cacaq/ATGGT TGAGG/gtgag cacagq/CTGGG N/A
Bovine tttag/GATTC CCTGT/gtgag cacag/ACGGC TCAAG/gtgag cacaq/GTCGG N/A

Porcine attag/GCTTC CCTGT/gtgag cacaq/ACGGC TCAAG/BLaag

cacaq/GTCAG N/A

SAS: Splice Acceptor gite; SDS: Splice Donor Site; N/A: Not applicable
Intron sequences are represented by lowercase while exon sequences are represented by

uppercase.
point mutation
indicated with bold italic letter.

The presence of in-frame stop codons or premature termi-
nation codons (PTC) in the exons 5 and 6 is linked to their
exclusion from the mature mRNA of porcine ICAM-3. The
phenomenon, known as nonsense-associated altered splicing
(NAS), has been shown in a few disease-causing genes. How-
ever, on information and belief, species-associated NAS has
never been reported previously. The porcine ICAM-3 iso-
forms lacking exons 5 and 6 identified from porcine MDDCs
could be the native form of ICAM-3 RNA ftranscripts in
porcine specie. The skipping of exon 5 is probably the con-
sequence of a TGA nonsense mutation, whereas the skipping
of exon 6 may come from four nonsense codons or a point
mutation at the SDS of intron 6. Additional work which is not
the scope of this study, such as mutagenesis analyses, is
required to confirm NAS mechanism and to further identify
the relevant splicing mechanism of porcine ICAM-3 gene.

The exact function of Ig-like domains 4 and 5 in human
ICAM-3 protein has not been characterized. Domain 1, con-
taining some critical residues including Asn57 and Ser59 in
the first N-linked glycosylation site, is necessary and suffi-
cient for LFA-1 binding. Domain 2 is believed to interact with
human DC-SIGN. The cloned porcine ICAM-3 isoforms con-
sist of both domains, which should retain the potential adhe-
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Intron starting sequences “gt” and ending sequences “ag” are underlined. A
(g to a) at the putative 8SDS of intron 6 in porcine ICAM-3 gene is

the complete coding region of pLSECtin cDNA according
to a porcine EST sequence with the GenBank accession
number AK232603. PCR was performed in 50 ulL reaction
with an Advantage 2 PCR kit (Clontech, Palo Alto, Calif.)
using the following PCR parameters: 94° C. for 2 min, 30
cyclesat 94° C. for 15 sec, 60.0° C. for 30 sec and 72° C. for
90 sec, and a final incubation at 72° C. for 3 min. The
obtained PCR products were individually excised, puri-
fied, and subsequently cloned into a pCR2.1 vector (Invit-
rogen Corporation, Carlsbad, Calif.) by TA cloning strat-
egy followed by sequencing.

Genomic PCR and gene sequencing: The same primers
PLST-F (SEQ ID NO:31) and PLST-R (SEQ ID NO:32)
were used for one-step genomic PCR. Genomic PCR was
performed with a Platinum PCR HiFi Supermix kit (Invit-
rogen Corporation, Carlsbad, Calif.) using 150 ng of the
pig genomic DNA (purchased from Novagen, Madison,
Wis.) in a total volume of 50 uL.. The PCR condition was 35
cycles at 94° C. for 30 sec, 68° C. for 4 min with an initial
denaturing of the template DNA at 94° C. for 2 min. The
resulting fragment was cloned into a pCR2.1 vector (Invit-
rogen Corporation, Carlsbad, Calif.) by TA cloning strat-
egy. The M13 forward and reverse primers together with a
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gene-specific primer PLST-E3F (5'-CAGGATCTACT-
GAGGACAAACG-3' which corresponds to SEQ ID
NO:33) were used for sequencing.

Tissue distribution of LSECtin detected by RT-PCR: Total
RNA was isolated from ten homogenized pig tissues
including spleen, duodenum, thymus, kidney, lung, lymph
node, heart, bone marrow, liver and muscles using the
RNeasy mini kit (Qiagen Inc., Valencia, Calif.) followed
by an RNase-free DNase I treatment. cDNA was synthe-
sized with SuperScript II reverse transcriptase (Invitrogen
Corporation, Carlsbad, Calif.) using oligo-dT (Promega
Corporation, Madison, Wis.) as the reverse primer. To
avoid the contamination of genomic DNA, PCR was per-
formed in 50 pL reactions with the Advantage 2 PCR kit
(Clontech, Palo Alto, Calif.) using primer PLST-E67F (5'-
GAGAGTCCGGTTCCAGAACAGCTCCT-3' which cor-
responds to SEQ ID NO:34) spanning the boundary
between exon 6 and exon 7 and primer PLST-E89R (5'-
TCCCCCAGATTCCAGTGGCTGAAG-3" which corre-
sponds to SEQ ID NO:35) spanning the boundary of exon
8 and exon 9 of pL.SECtin gene sequence that had been
determined by genomic sequencing. The PCR parameters
include 30 cycles at 95° C. for 20 sec, 68° C. for 1 min with
an initial denaturing of the template DNA for 2 min. The
house keeping gene, porcine glyceraldehyde 3-phosphate
dehydrogenase (GAPDH), was also amplified using prim-
ers GAPDHS (5-GCTGAGTATGTCGTGGAGTC-3'
which corresponds to SEQ ID NO:29) and GAPDH3 (5'-
CTTCTGGGTGGCAGTGAT-3' which corresponds to
SEQ ID NO:30) by PCR (95° C. for 1 min, 30 cycles at 95°
C. for 20 sec, 55° C. for 20 sec, 68° C. for 40 sec and 72° C.
for 3 min). The expected size of the PCR products was 303
bp for pL.SECtin and 285 bp for porcine GAPDH, respec-
tively.

Sequence and phylogenetic analyses: Analyses and align-
ment of DNA and amino acid sequences were performed
using Lasergene package (DNASTAR Inc., Madison,
Wis.).

Results and Discussion

Molecular cloning and the structure of porcine LSECtin
c¢DNA and gene: To find the porcine homologue of hL.SEC-
tin, a series of sequence similarity searches in the GenBank
EST database was conducted. An EST sequence with the
GenBank accession number AK232603 that shared signifi-
cant homology with hLLSECtin cDNA was found. Based on
this sequence, we designed gene-specific primers and suc-
cessfully amplified a 909-bp fragment containing the com-
plete coding region of pLSECtin cDNA that is identical to
the EST sequence from pig liver by RT-PCR (FIG. 13). A
faint fragment represented another pLSECtin isoform
lacking the transmembrane domain (807 bp) was also iden-
tified (FIG. 13). Besides these two isoforms, a series of
higher-molecular-weight bands were amplified (FIG. 13),
which would be recognized as the intermediate products of
pLSECtin pre-mRNA during splicing (see discussion
below). The pLSECtin gene (2721 bp) that had not been
available on the public draft assembly of pig genome
project was also cloned following the genomic PCR with
the same pair of PCR primers (FIG. 13).

Asillustrated in FIG. 14a, the pLSECtin gene was encoded
by nine exons spanning the complete coding region of the
gene in which exons 1 and 9 had undetermined sizes. The
sequence of all the nine exons was fully identical to that of the
cloned 909-bp cDNA as well as the pLSECtin EST, indicating
the authenticity of the gene. The sizes of eight introns vary
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from 110 to 320 bp and all acceptor and donor sequences on

the introns conform to the GT-AG rule. Like other type 11

C-type lectins, the putative coding region of pLSECtin

encodes four domains, CT, TMD, neck and CRD, from the

amino- to the carboxyl-terminus (FIGS. 145 and 14¢). The 3'

end of exon 1 and the 5' end of exon 2 encode the CT. The

remaining part of exon 2 encodes the TMD. The neck region
spans the entire exons 3 to 6 and the first 5 nucleotides of exon

7. The rest of exon 7, the entire exon 8 and the 5' end of exon

9 encode the CRD (FIG. 14a).

Comparison of the pL.SECtin gene with other putative mam-
malian LSECtin homologues available from the genome
databases: The pL.SECtin gene shares a similar structure
and size of nine exons including the localization of the four
domains to the corresponding exons with the human as
well as the predicted bovine, canis, mouse and rat LSECtin
genes. Three LSECtin gene homologues, named as equine
LSECtins 1 to 3 for purposes herein, were found in horse
genome database. The equine LSECtinl and LSECtin2
also have 9 exons with the same gene structure whereas
equine LSECtin3 only contains 8 exons. The missing of
one exon in equine LSECtin3 is caused by the fusion oftwo
neck-domain-encoding exons (exons 3 and 4 correspond-
ing to pLSECtin gene) of the canonical 9-exon-containing
LSECtin gene into one. Similarly, the merging of exons 3
and 4 of the canonical 9-exon-containing LSECtin gene
into one resulted in the total eight exons existing in the
putative human LSECtin pseudogene. However, the lost of
protein-coding ability of the human pseudogene, along
with the chimpanzee L.SECtin pseudogene, is due to a point
mutation (G to A) at the proposed start codon ATG (FIGS.
15a-15¢). Two rhesus macaque LSECtin homologues,
LSECtinl and LSECtin2 were predicted based upon the
genomic sequencing data. However, in spite of the exist-
ence of nine exons, either of the homologue encodes a
carboxyl terminus truncated protein product with CRD
deletion due to a 1-nt insertion on exon 3 (for LSECtinl) or
a 1-nt deletion on exon 5 (for LSECtin2), which are also
recognized as the pseudogenes (FIGS. 15a-15¢).

Except the two rhesus macaque LSECtin pseudogenes, all
identified LSECtin homologues share an important structural
feature in that the CRD always spans the last three exons. The
DC-SIGN homologues in mammals identified so far have the
same feature.

Pairwise comparison of the genomic sequences of pL.SEC-
tin with bovine, canis, equine, human, chimpanzee, rhesus
macaque, mouse, rat, opossum or platypus using mVISTA
program revealed that significant conservation in both exons
(especially the last three exons encoding the CRD) and intron
(especially introns 1, 3, 5, 6 and 8) sequences is present
between pL.SECtin and LSECtin homologues from domesti-
cated animals and primates (FIGS. 154-15¢). Less conserva-
tion, presented mainly in exon sequences, was shown
between pLL.SECtin and rodent LSECtin homologues while
opossum and platypus LSECtins have the least conservation.
No significant identity was found between pLSECtin and
pDC-SIGN (FIGS. 15a-15¢).

Sequence and phylogenetic analysis of pLSECtin encoding
product with prediction of a multi-species-conserved
microRNA target sequence at the 3'-untranslated region
(3'-UTR) of LSECtin mRNAs: The 1,327-bp pLSECtin
c¢DNA has two in-frame start codon ATG at nt position 10
or37,respectively (FIGS. 145 and 14¢). Compared to other
LSECtin homologues without the first ATG at the corre-
sponding position, the deduced pLL.SECtin protein is pre-
dicted to start at the second in-frame ATG and encom-
passes an open reading frame (ORF) of 873 nucleotides
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encoding a protein of 290 amino acids (FIGS. 146 and
14c¢). Porcine LSECtin protein is a putative type Il trans-
membrane protein beginning from a 28-aa cytoplasmic tail
followed by a predicted 22-aa TMD. The extracellular
domain consists of a 111-aa neck region followed by a
129-aa CRD (FIGS. 145 and 14c¢). Two potential internal-
ization motifs, YSKW and EE at aa position 6-9 and 14-15,
were found within the CT, which are conserved in human,
chimpanzee, bovine, ovine and canis LSECtins. Mutagen-
esis analysis has showed that the internalization ability of
hL.SECtin is dependent on the integrity of both motifs.
Equine LSECtins 1 and 3, mouse, rat and two platypus
LSECtin homologues also harbor the tyrosine-based motif
as the potential internalization signal. The neck region of
hL.SECtin contains two potential N-linked glycosylation
sites and has a typical heptad repeat pattern that is expected
to form cc-helix coiled-coil structures. A recent study also
revealed that hLSECtin exists as a disulfide-lined dimmer
by two cysteine residues in the neck region (A. S. Powle-
sland et al., “A novel mechanism for LSECtin binding to
Ebola virus surface glycoprotein through truncated gly-
cans,” J. Biol. Chem. 283(1):593-602 (2008)). All these
features are identical in pL.SECtin as well as other mammal
LSECtins except equine LSECtin3, opossum and platypus
LSECtins. It had been previously found that human DC-
SIGN, L-SIGN, nonhuman primate DC-SIGN and mouse
SIGNR1 contains variable repeated sequence within the
neck region whereas the remaining mouse SIGNR mem-
bers, except SIGNR2 and SIGNRG6, together with porcine,
bovine, ovine, canis and equine DC-SIGNs, do not have
repeated sequence. The data suggested that the evolution of
the neck region of LSECtin family members is less diver-
gent than that of DC-SIGN family members.

The CRD of pLSECtin was the most conserved region
shared by porcine and all the other LSECtin homologue pro-
teins, containing the key residues that form Ca**— and car-
bohydrate-binding sites. Eight conserved cysteines predicted
to form disulfide bonds were found in the CRD of all LSECtin
homologues except opossum LSECtin1 that has an extra 119-
aa tail. All LSECtin as well as DC-SIGN family members
possesses five conserved amino acid residues, Glu260,
Asn262, Asn268, Asn280 and Asp281 (aa position corre-
sponding to pL.SECtin), for calcium-binding site 2 and the
common Glu-Pro-Asn sequence (EPN sequences; aa position
260-262) that are critical for binding mannose-, fucose- or
galactose-containing oligosaccharides. However, three of the
four residues (aa positions 233, 237, 263 and 269) forming
calcium-binding site 1 are unique in LSECtin family mem-
bers. All placental mammalian LSECtins share a unique Ala
residue distinct from DC-SIGNs at aa 233 whereas the resi-
due at aa 237 is variable among L.SECtin homologues. All
LSECtin members share the Asp residue instead of the con-
served Asn residue at aa 263. The conserved Asp269 of
C-type lectins is identical in most of the LSECtin proteins but
is substituted by an Asn residue in human and chimpanzee
LSECtin as well as opossum LSECtin1. In addition, there are
9 and 29 unique residues in the CRD shared by all mammalian
LSECtin proteins and placental mammalian LSECtins,
respectively. These unique substitutions suggested that the
LSECtin family members would be expected to have different
sugar-binding ability.

Recently, human LSECtin was shown to bind to a novel
disaccharide, GlcNAcp1-2Man, through the EPN motif and
the two nearby residues Gly259 and Trp265 (Powlesland et
al., 2008, supra). The contact between the GIcNAc residue
and the side chain of Trp265 was predicted to be mediated by
the packing of the indole ring of tryptophan against the
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methyl group of the N-acetyl substituent of GlcNAc (id.).
However, although the Gly259 is conserved in all LSECtin
proteins, only chimpanzee LSECtin shares the Trp265 with
hL.SECtin. The residue at this position is variable among
other LSECtin proteins: Leu in pLSECtin, Met in bovine,
ovine and canis LSECtins and Gln in three equine LSECtins.

MicroRNAs (miRNAs) are a class of small (~22 nt long)
endogenous noncoding RNAs that bind to imperfectly
complementary sits in the 3'-UTR of target mRNAs and thus
repress mMRNA expression (D. P. Bartel, “MicroRNAs:
genomics, biogenesis, mechanism, and function,” Cell 116
(2):281-97 (2004); B. R. Cullen, “Transcription and process-
ing of human microRNA precursors,” Mol. Cell 16(6):861-5
(2004)). Thousands of different miRNAs from multicellular
organisms and some viruses have been identified and shown
to have both tissue-specific and development-stage-specific
expression, which is thought to regulate almost every biologi-
cal process. It has been estimated that more than one third of
human genes could be controlled by microRNAs (id.).
MiRNA-mediated repression often requires perfect base pair-
ing of the miRNA seed region (nt 2-7 from the miRNA 5'-end)
to the 3'-UTR of an mRNA target sequence (Bartel, 2004,
supra; Cullen, 2004, supra). Both miRNAs and their 3'-UTR
binding sites are evolutionary conserved in many cases. Thus
far, functional C-type lectin expression has not been linked to
miRNA regulation. With the available information of 3'-UTR
sequences from different mammalian LSECtin genes, an
experiment was devised to see whether miRNA target
sequences that are conserved across multiple mammalian
species exist.

Using TargetScan program, a unique site located 27-nt
upstream of the polyadenylation signal (AAUAAA) was
found in the putative canis LSECtin mRNA that was pre-
dicted to be the target of a dog miRNA cfa-miR-350. The 7-nt
sequence UUUGUGA on this site was fully conserved among
porcine, bovine and ovine LSECtins as well as two equine
homologues LSECtinl and 3. Other conserved sequences at
the 3'-UTR were observed to be less than 6-nt, which did not
fulfill the proposed perfect base pairing of the miRNA seed
region. Although the miR-350 homologues in pig, cattle,
sheep and horse have not been available from miRBase, they
should have the identical sequence due to the evolutionary
conservation. Interestingly, an 8-nt sequence AACUGGAA
at the same position in hLSECtin mRNA was also targeted by
a human miRNA has-miR-145. This unique sequence was
shared by chimpanzee LSECtin and equine LSECtin2 but not
the other primate pseudogenes. No specific miRNAs recog-
nizing the same site were found in rodent and non-placental
LSECtin members, probably due to the limiting data of miR-
NAs in these species available from miRBase. The computer-
based identification of a position-conserved and multi-spe-
cies-conserved miRNA target sequence in LSECtin members
from domesticated animals and primates are useful towards
understanding the mechanism of potential miRNA-mediated
regulation of LSECtin.

Phylogenetic analysis of the full-length encoding protein
of all the available DC-SIGN, LSECtin and CD23 family
members in mammalian species was thus performed to deter-
mine their divergence level and evolution relationship. They
were divided into three individual clusters in which LSECtin
family is more closely related to DC-SIGN family than to
CD23 family. The LSECtins of domesticated animals includ-
ing porcine, bovine, ovine, equine and canis were clustered
together, which is similar to the evolutionary relationships of
their DC-SIGN and CD23 proteins.
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Identification of splicing intermediate products and proposed
order of intron removal of pLSECtin pre-mRNA: When the
coding region of pLSECtin ¢cDNA from pig liver was
amplified, the possible processing of pLSECtin pre-mRNA
characterized by the appearance of a series of high-mo-
lecular-weight fragments in addition to the expected
mature mRNA was observed (FIG. 13). Each of these
fragments was excised and T-A cloned to determine the
respective sequence. It turned out that these transcripts
were splicing intermediate products of pLSECtin mRNA
precursors with the sizes 0f 1707, 1491, 1381 and 1176 bp,
respectively, which retained various introns compared to
the determined pLLSECtin gene (2721 bp). Based on the
intron removals of these splicing intermediate products, a
temporal order of the splicing pathway of pLLSECtin pre-
mRNA was proposed (FIG. 16). First, introns A, E, G and
H seemed to be removed either simultaneously or in an
order that could not be predicted from the RT-PCR result to
yield an intermediate product of 1707 bp, leading to the
integrities of the CRD encoded by the last three exons as
well as the CT encoded by the first two exons. Further
processing of the 1707-bp intermediate produces a 1491-
bp pre-mRNA by splicing of intron F. Subsequent removal
of intron D yields an mRNA that is 1381 bp. Intron C
appears to be spliced at this point to yield the 1176-bp
pre-mRNA that retains only intron B. The mature pL.SEC-
tin mRNA, detected as a 909-bp product, would be pro-
duced by removal of intron B. The processing of pLSECtin
exons encoding the neck region appears to follow a strictly
temporal and positional order by splicing of the relevant
introns one-by-one, from 3' exon E to 5' exon B. Further-
more, exon 2 is removed from the mature mRNA product to
yield an 807-bp isoform lacking the TMD. Alternatively,
since exon 2 and intron B are linked together, the isoform
may be generated by simultaneous splicing of them from
the 1176-bp pre-mRNA (FIG. 16).

The temporal order of the splicing pathway was proposed
based upon the fact that the amounts of the splicing interme-
diate products reached to the level that could be detected by
RT-PCR, thus indicating that they occupied the majority in all
the intermediate products. The detection was conducted in the
liver to accurately reflect the processing pathways of these
pre-mRNAs in vivo. Whether the processing of the exons
encoding CRD and CT domain prior to the TMD and neck
region observed here could also be present in other C-type
lectins such as DC-SIGN and L-SIGN remains to be deter-
mined. The known DC-SIGN/L-SIGN mRNA as well as
hL.SECtin isoforms identified thus far exist as TMD-lacking
or partial-tandem-neck-repeats-lacking variants due to the
skipping of the exon encoding the TMD and/or the presence
of cryptic splicing sites on exon encoding the neck region (A.
Dominguez-Soto et al., ““The DC-SIGN-related lectin LSEC-
tin mediates antigen capture and pathogen binding by human
myeloid cells,” Blood 109(12):5337-45 (2007); S. Mummidi
et al., “Extensive repertoire of membrane-bound and soluble
dendritic cell-specific ICAM-3-grabbing nonintegrin 1 (DC-
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SIGN1) and DC-SIGN?2 isoforms. Inter-individual variation
in expression of DC-SIGN transcripts,” J. Biol. Chem. 276
(35):33196-212 (2001)). This may be linked to the temporal
order of the splicing in that different patterns of aberrant
splicing occur during the later splicing events. Moreover, the
variant neck-region tandem repeats of L-SIGN have been
associated with the susceptibility of several infectious dis-
eases such as SARS-CoV, HIV-1, HCV and Mycobacterium
tuberculosis (U. S. Khoo et al., “DC-SIGN and L-SIGN: the
SIGNs for infection,” J. Mol. Med. 86(8):861-74 (2008)).
Other factors including the “quality” of the donor/acceptor
sites, splice enhancers or suppressors, the RNA secondary
structures or the size of introns and exons may also contribute
to controlling the order of intron removal (A. L. Lear et al.,
“Hierarchy for 5' splice site preference determined in vivo,” J.
Mol. Biol. 211(1):103-15 (1990); B. L. Robberson et al.,
“Exon definition may facilitate splice site selection in RNAs
with multiple exons,” Mol. Cell Biol. 10(1):84-94 (1990); A.
J. McCullough and S. M. Berget, “G triplets located through-
out a class of small vertebrate introns enforce intron borders
and regulate splice site selection,” Mol. Cell Biol. 17(8):
4562-71 (1997)). The identification of sequential splicing
intermediate products of pLSECtin pre-mRNA in vivo may
provide a good model to study how the splicing machinery
selects the correct pairs of splice sites to ensure orderly intron
removal in C-type lectins, and whether these could be linked
to the interactions with the pathogens.

Tissue distribution of pLSECtin: Expression of pLSECtin
mRNA was detected in spleen, lymph node and liver but
not in duodenum, thymus, kidney, lung, heart, bone mar-
row or skeletal muscles of pig by RT-PCR (FIG. 17). The
expression level in lymph node was the highest. It has been
reported that h[.SECtin is expressed not only on LSECs but
also on monocyte-derived macrophages and dendritic cells
(W. Liu et al., “Characterization of a novel C-type lectin-
like gene, LSECtin: demonstration of carbohydrate bind-
ing and expression in sinusoidal endothelial cells of liver
and lymph node,” J. Biol. Chem. 279(18):18748-58
(2004); Dominguez-Soto et al., 2007, supra), lymph node
and bone marrow sinusoids (T. Gramberg et al., “Interac-
tions of LSECtin and DC-SIGN/DC-SIGNR with viral
ligands: Differential pH dependence, internalization and
virion binding,” Virology 373(1):189-201 (2008)). How-
ever, the hLSECtin expression was not found on peripheral
blood lymphocytes, NK cells, CD34+-derived endothelial-
like cells (Dominguez-Soto et al., 2007, supra), liver
Kupffer cells, thymus or placenta (Gramberg et al., 2008,
supra). It was presently observed that the pLSECtin
expression shares an analogous pattern with hL.SECtin.
In the foregoing, there has been provided a detailed

description of particular embodiments of the present inven-
tion for purpose of illustration and not limitation. It is to be
understood that all other modifications, ramifications and
equivalents obvious to those having skill in the art based on
this disclosure are intended to be included within the scope of
the invention as claimed.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 42

<210> SEQ ID NO 1

<211> LENGTH: 1069

<212> TYPE: DNA

<213> ORGANISM: Sus scrofa
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-continued

<220> FEATURE:

<221> NAME/KEY: misc_structure

<222> LOCATION: (1).. (1069

<223> OTHER INFORMATION: Nucleotide sequence of pDC-SIGN cDNA

<400> SEQUENCE: 1

ggagaggaac agagaggaga gaaggatggc agagatatgt gaccccaagyg agccagagga 60
gaagacatgg acggggccag tattggttga gcgagatctt ggactactge gcagattaag 120
gaactcacca gggtgtctga cttggeccct ccttetgetg ctgetetteg tetecattggg 180
tttecttcatg ctectggtga ccaccctggt tcaagtttece aggatccace agtctctgea 240
gagagagaga gagaccagca ggagacccac agcccaggag aagatacaat caagectgga 300
taagttcctyg cagcagatga cctggatgaa tgecaccctg getggectgt gecatcectg 360
ccectggeat tgggaattet tecagggaag atgctactta ttctceccaga cccagagtga 420
ctggaaatce tcteteteeg cctgtaagga cattggggec cagetggtta tcatcaatag 480
cactgcggag cagaaattcce tgaagtettg gtatgtcaga tataataaag ccacctggat 540
tggcctcagt gatgacacca atgaaggtte ctggecaatgg gtggacaaca gccccectceca 600
actcagctte tggaaagaag gagaacccaa caatcacgga gatgaagact gtgcagaatt 660
gcacaacgat ggctggaatg atagcaaatyg tacggtagaa aacgcctgga tctgtgagaa 720
geectegtet cectgeccca tgctetgagyg gecactgece agectectac teeccatcag 780
cagagaatag gcaacaggcce ctcagetggt ttecetttgg cteccaccete ttecatcttt 840
accctttggt gaattcccat ceecttettg aacgacggte ttttagatce tacgagagat 900
tctgaaacce ccttatccte gaaccectee ttecatagge tacaaacect ctetettceat 960

ctgcagatgg tctcagcagc ccctecgcece cgececccecece atgacatcece cttaataaag 1020

tcacattgca ttatgtgttc caaaaaaaaa aaaaaaaaaa aaaaaaaaa 1069

<210> SEQ ID NO 2

<211> LENGTH: 240

<212> TYPE: PRT

<213> ORGANISM: Sus scrofa

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (1)..(240)

<223> OTHER INFORMATION: Deduced amino acid sequence of pDC-SIGN cDNA

<400> SEQUENCE: 2

Met Ala Glu Ile Cys Asp Pro Lys Glu Pro Glu Glu Lys Thr Trp Thr
1 5 10 15

Gly Pro Val Leu Val Glu Arg Asp Leu Gly Leu Leu Arg Arg Leu Arg
20 25 30

Asn Ser Pro Gly Cys Leu Thr Trp Pro Leu Leu Leu Leu Leu Leu Phe
35 40 45

Val Ser Leu Gly Phe Phe Met Leu Leu Val Thr Thr Leu Val Gln Val
50 55 60

Ser Arg Ile His Gln Ser Leu Gln Arg Glu Arg Glu Thr Ser Arg Arg
65 70 75 80

Pro Thr Ala Gln Glu Lys Ile Gln Ser Ser Leu Asp Lys Phe Leu Gln
85 90 95

Gln Met Thr Trp Met Asn Ala Thr Leu Ala Gly Leu Cys His Pro Cys
100 105 110

Pro Trp His Trp Glu Phe Phe Gln Gly Arg Cys Tyr Leu Phe Ser Gln
115 120 125
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Thr Gln Ser Asp Trp Lys Ser Ser Leu Ser Ala Cys Lys Asp Ile Gly
130 135 140

Ala Gln Leu Val Ile Ile Asn Ser Thr Ala Glu Gln Lys Phe Leu Lys
145 150 155 160

Ser Trp Tyr Val Arg Tyr Asn Lys Ala Thr Trp Ile Gly Leu Ser Asp
165 170 175

Asp Thr Asn Glu Gly Ser Trp Gln Trp Val Asp Asn Ser Pro Leu Gln
180 185 190

Leu Ser Phe Trp Lys Glu Gly Glu Pro Asn Asn His Gly Asp Glu Asp
195 200 205

Cys Ala Glu Leu His Asn Asp Gly Trp Asn Asp Ser Lys Cys Thr Val
210 215 220

Glu Asn Ala Trp Ile Cys Glu Lys Pro Ser Ser Pro Cys Pro Met Leu
225 230 235 240

<210> SEQ ID NO 3

<211> LENGTH: 3438

<212> TYPE: DNA

<213> ORGANISM: Sus scrofa

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (1).. (3069

<223> OTHER INFORMATION: Nucleotide sequence of porcine DC-SIGN gene

<400> SEQUENCE: 3
gatggcagag atatgtgacc ccaaggagcce aggtagccce agtgagggtyg gacccccatt 60

ctgggagtga tgatggggga ggacagggcet cctgggtect gaggggacge gagggggect 120

agcatccage ttgcaatcct gagagcaggg cccagcagte ttccaagtte aaatgaatat 180
getetgtect attcagagga gaagacatgg acggggccag tattggttga gegagatctt 240
ggactactgce gcagattaag gaactcacca ggtactaggg tggctggttce aggagtagge 300

cactggggaa gggggtggta gggggtaggg tggggcaggg tetgectetyg ageccctage 360

getgeccate tgetggtect gcagggtgte tgacttggec cctecttetg ctgetgetet 420
tegtetcatt gggtttette atgctectgg tgaccacccet ggttcaaggt gagtcagggg 480
ttgggggctt cgagtcctgg gteccegttgg gttttectete tgggatggtt tttgaccttt 540
tcectagtee tgaaacctac tggggetggg geatttggac tetgtgttge ccectetgtgt 600
gactggggge cagttactce ccttetetgg acctgtttece ttatgtgaaa tgtagctcat 660
cctecectgt ggggagetta ggctgcactt gaaaatgaac ttgggagtte ccegttgtgge 720
acagtggtta acgaatccga ctaggaacca tgaggttteg ggtteggtee ctgeccttge 780
tcagtgggtt aacgatcccg cgttgetgtg agetgtggtyg tagattgcag atgeggetceg 840
gatcccegegt tgetgtgggt ctggecatagg ccagtggceta cagctccaat tcecaccccta 900
acctgggaac ctccatatgce caccggageg geccaaagaa atagtaaaaa gacaaaaaaa 960

aaaaaaaaaa aaagaaaaaa gaaaatgaac ttggtgcagg cagagagttg gtgctcataa 1020

agggggaatt ttctgctctg ttgtagtttc caggatccac cagtctctge agagagagag 1080

agagaccagc aggagaccca cagcccaggt gaaggatttg gaggacaget tcetggagggg 1140

agagtgggag ggagctctga ggctgcatga ccttggacga gecaccacca caggagtgag 1200

ggcaggagta ggggagggga ccggatccct gcatgaggtce ctggagactg gcaatgttgg 1260

gcaagtcact tttgaagcct cagttttectce gttcecgtgtaa tgggctctcecce aggtcacagt 1320

gagatccata cataatgttc tcatggggcce ctcactgtgce caagcacaca gtaggtgcett 1380
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-continued
aataattgaa gtcctctecece tceccacttgat gttgcacagg agaagataca atcaagcctg 1440
gataagttcc tgcagcagat gacctggatg aatgccaccce tgggtaatgg tcccaccceca 1500
aggtcaagag gaagtcacgg gattgtggat ggggctggga cccacctttt gtagctgeca 1560
tactcaggag ggcagggcag agagggggtc ttttgagtgg gtttcttggg gecttgggga 1620
ctgggctgac agttggtccce tgggtteccca agatctgatg cagggatctg gggctgggga 1680
gccaagtgge cgctctgtcee caacccectte cctectecee agetggectg tgccatcect 1740
gccectggea ttgggaatte ttcocagggaa gatgctactt attctceccag acccagagtyg 1800
actggaaatc ctctctctec gectgtaagg acattgggge ccagctggtt atcatcaata 1860
gcactgcgga gcaggtagac cgggcagggt tcctgttggg getgggtcat agggctggtce 1920
aacaaagagc cttctgccac cctectetge ccectgagag atggaggtece agtggatagce 1980
tggagatggg agggtaatgc agtcagggaa ggcttcctgg aggaggaacc ataacggact 2040
caggaaggtc acatgagaga agaaccagga tgggaggagce ccatatatgg atagaaaagg 2100
aactcaagaa tgccctcgaa gagttcccgt cctggctcag cagtgaacta atctgactcet 2160
catccatgag gatgcaggtt cgattcctgg ccttgctetg tgggttaagg atccgacatt 2220
gctgtggtat aggacagcag ctacagctct gattcagtcec ctagectggg aacctctata 2280
tgtggcetggt cctaagaagc aagaaaaaaa agaatgccct tggaaccatc cataacgtag 2340
ggtcaactgg agatacaagt taacatatcc acacatgtat gggtacgaat acacattcac 2400
agcctacttg cacatgtgaa catacacaac ttgagtagag gctatggact agactgcaga 2460
aggaactttt gtgagaggca ggggacagag ggaacgtggg aagacatgtg acagatgtca 2520
ttgagggaat cttcccctaa tgccctttcet caccccacce cagaaattcce tgaagtettg 2580
gtatgtcaga tataataaag ccacctggat tggcctcagt gatgacacca atgaaggttc 2640
ctggcaatgg gtggacaaca gcccccteca actcaggtga ccteccagtyg acaatggcce 2700
aggaaggggt gggcagggaa aaaacccacce tttcccaaac caggggtget cagattcectgg 2760
gactgaaaag taccacctga agagcttggt gaagatgcag cgtcccgect ccacgctget 2820
gttgggggac ggggaggggyg tctgagtcag tacgggccca ggaacctgca tttttacttt 2880
gccagagetg attctgatgg aggtggtatt tgagcccaca ttttgaaacc accaccctcet 2940
ggctggtacc tggcaatcaa ctgccacagce ctagggacag cttctcecaag ggggggtggy 3000
gtggaggggt gggttctggg tagagtaggg gtcccagagce tctgatgggg ttcacagett 3060
ctggaaagaa ggagaaccca acaatcacgg agatgaagac tgtgcagaat tgcacaacga 3120
tggctggaat gatagcaaat gtacggtaga aaacgcctgg atctgtgaga agccctcegtce 3180
tcectgecee atgctcectgag ggccactgcee cagectecta ctcecceccatca gcagagaata 3240
ggcaacaggc cctcagetgg tttecctttg gectccaccecet cttecatett taccctttgg 3300
tgaattccca teccecttett gaacgacggt cttttagatc ctacgagaga ttctgaaacc 3360
ccettatect cgaaccecte cttceccatagg ctacaaaccce tcetcectetteca tetgcagatg 3420
gtctcagcag cccctecg 3438

<210> SEQ ID NO 4
<211> LENGTH: 1493

<212> TYPE:

DNA

<213> ORGANISM: Sus scrofa
<220> FEATURE:
<221> NAME/KEY: misc_feature

<222> LOCATION:
<223> OTHER INFORMATION: Nucleotide sequence of porcine ICAM-3 cDNA

(1) ..(1493)
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<400> SEQUENCE: 4
geectgtgggt tcatgtggga tcagggttta actgaggtcet gecctcetcag aggettgeca 60
gagectteca cecccattggg ccceccaact cggaacccceg ggggggacag agtatccect 120
geeectecee aggactggac aaggtgcgge cectggactg cagecttegt aactgcagtg 180
actgtgette cttecectgg gtgacteget tgetcegtgyg tagecagcac ctcattaagg 240
caacttccte ctgcaggatg gecaccatgg tgecatcegtyg getgecgtece ggggectact 300
ggattttecet catctectetg cttetagttg cctgtctact acccccaggt getcagggge 360
aggagttcca gatgagagtg gagctgcage ccccagcagt gettectgga gagtcetgtet 420
tggtaaactg cagtacagat tgcctccatg ctaaactcat cteccgtagag acgtacctac 480
tctgggagee ggtgggcagt ggccgggget gggcagectt ccaactcaac aatgtgactg 540
gtgacaccca gttecttetge tttggectet gegatgactt ccagatagta agatcctcta 600
acatcaccat ctaccggttc ccagagegeg tggaactgge ccectetgece ccctggcace 660
ccttggacaa gccectecte ctgagttgece tettgtetgg cggagcetece agggeccace 720
tcacggtgge gctgttcaag ggggaggaag agetgggecyg gcagccagca gcaaaggggyg 780
agcccaccga agtcacggtce acagtgtcceg cgagcagaga cgaccacggce gccaatttet 840
cttgecgecac agaattggac ctgcggtete aagggctggg actgttcecag aacagttcetg 900
cceccagaaa gctcecaaace ttecgccatge cegtgaccee tecteggeta gttgtceccac 960
agttttcegga agtggaaacg ttgtggcccg tggagtgcac cctggatggg gtcecttceccag 1020
ccteggaage ccaagtccaa ctggegetgg ggaaccagag tcetgaatcece gcagtcegtga 1080
gecacgggga caggctcacg gccacagcca ccgcgaaggce agagcagaaa ggcegeccacyg 1140
agattgtctg caacatgacc ttaggtggca agaccctgga gacccgggag aacgtgacga 1200
tccaaagtca gaatccccte gecatcacca ttagectggg ggtgttageg atcctgggtt 1260
tggtgattat cgctgcggcec ttaatgtgtg tctteccgggt gcagaagcag agtgacactt 1320
atcaagtgaa ccaaacgagt cctaggcaac ccaaagaggce tgcggcagca gagtgatcct 1380
gagectegga cectegggat actgcaaggce aaagacgaca ggggcttgge ggtatccceceg 1440
aattccgcac taataaaggc tttaaaatca aaaaaaaaaa aaaaaaaaaa aaa 1493
<210> SEQ ID NO 5
<211> LENGTH: 372
<212> TYPE: PRT
<213> ORGANISM: Sus scrofa
<220> FEATURE:
<221> NAME/KEY: MISC_FEATURE
<222> LOCATION: (1)..(372)
<223> OTHER INFORMATION: Predicted protein sequence of porcine ICAM-3
CDNA
<400> SEQUENCE: 5
Met Ala Thr Met Val Pro Ser Trp Leu Pro Ser Gly Ala Tyr Trp Ile
1 5 10 15
Phe Leu Ile Ser Leu Leu Leu Val Ala Cys Leu Leu Pro Pro Gly Ala
20 25 30
Gln Gly Gln Glu Phe Gln Met Arg Val Glu Leu Gln Pro Pro Ala Val
35 40 45
Leu Pro Gly Glu Ser Val Leu Val Asn Cys Ser Thr Asp Cys Leu His
50 55 60
Ala Lys Leu Ile Ser Val Glu Thr Tyr Leu Leu Trp Glu Pro Val Gly
65 70 75 80
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Ser Gly Arg Gly Trp Ala Ala Phe Gln Leu Asn Asn Val Thr Gly Asp
85 90 95

Thr Gln Phe Phe Cys Phe Gly Leu Cys Asp Asp Phe Gln Ile Val Arg
100 105 110

Ser Ser Asn Ile Thr Ile Tyr Arg Phe Pro Glu Arg Val Glu Leu Ala
115 120 125

Pro Leu Pro Pro Trp His Pro Leu Asp Lys Pro Leu Leu Leu Ser Cys
130 135 140

Leu Leu Ser Gly Gly Ala Pro Arg Ala His Leu Thr Val Ala Leu Phe
145 150 155 160

Lys Gly Glu Glu Glu Leu Gly Arg Gln Pro Ala Ala Lys Gly Glu Pro
165 170 175

Thr Glu Val Thr Val Thr Val Ser Ala Ser Arg Asp Asp His Gly Ala
180 185 190

Asn Phe Ser Cys Arg Thr Glu Leu Asp Leu Arg Ser Gln Gly Leu Gly
195 200 205

Leu Phe Gln Asn Ser Ser Ala Pro Arg Lys Leu Gln Thr Phe Ala Met
210 215 220

Pro Val Thr Pro Pro Arg Leu Val Val Pro Gln Phe Ser Glu Val Glu
225 230 235 240

Thr Leu Trp Pro Val Glu Cys Thr Leu Asp Gly Val Phe Pro Ala Ser
245 250 255

Glu Ala Gln Val Gln Leu Ala Leu Gly Asn Gln Ser Leu Asn Pro Ala
260 265 270

Val Val Ser His Gly Asp Arg Leu Thr Ala Thr Ala Thr Ala Lys Ala
275 280 285

Glu Gln Lys Gly Ala His Glu Ile Val Cys Asn Met Thr Leu Gly Gly
290 295 300

Lys Thr Leu Glu Thr Arg Glu Asn Val Thr Ile Gln Ser Gln Asn Pro
305 310 315 320

Leu Ala Ile Thr Ile Ser Leu Gly Val Leu Ala Ile Leu Gly Leu Val
325 330 335

Ile Ile Ala Ala Ala Leu Met Cys Val Phe Arg Val Gln Lys Gln Ser
340 345 350

Asp Thr Tyr Gln Val Asn Gln Thr Ser Pro Arg Gln Pro Lys Glu Ala
355 360 365

Ala Ala Ala Glu
370

<210> SEQ ID NO 6

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Sus scrofa

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (1)..(22)

<223> OTHER INFORMATION: Oligonucleotide primer NF-05 used for detection
of pDC-SIGN in pig tissues in which mixed base “s” is C + G and
mixed base “m” is A + C

<400> SEQUENCE: 6
atcaaaastg mtgaggagca ga 22
<210> SEQ ID NO 7
<211> LENGTH: 20

<212> TYPE: DNA
<213> ORGANISM: Sus scrofa
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<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (1)..(20)

<223> OTHER INFORMATION: Oligonucleotide primer NR-05 used for detection
of pDC-SIGN in pig tissues in which mixed base “r” is A + G

<400> SEQUENCE: 7

catttgtert crtteccagece 20

<210> SEQ ID NO 8

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Sus scrofa

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (1)..(20)

<223> OTHER INFORMATION: Oligonucleotide primer NR-06 used for detection
of pDC-SIGN in pig tissues

<400> SEQUENCE: 8

aaccgcttca cctggatggg 20

<210> SEQ ID NO 9

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Sus scrofa

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (1)..(24)

<223> OTHER INFORMATION: Oligonucleotide primer 5' -RACE PDR-1 used for
detection of pDC-SIGN in pig tissues

<400> SEQUENCE: 9

cagaagctga gttggagggg gctg 24

<210> SEQ ID NO 10

<211> LENGTH: 25

<212> TYPE: DNA

<213> ORGANISM: Sus scrofa

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (1)..(25)

<223> OTHER INFORMATION: Oligonucleotide primer 3' -RACE PDF-1 used for
detection of pDC-SIGN in pig tissues

<400> SEQUENCE: 10

gccacctgga ttggectcag tgatg 25

<210> SEQ ID NO 11

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Sus scrofa

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (1)..(30)

<223> OTHER INFORMATION: Oligonucleotide primer PCI-XHO used for
detection of pDC-SIGN in pig tissues

<400> SEQUENCE: 11

agtctcgage gccaccatgg cagagatatg 30

<210> SEQ ID NO 12

<211> LENGTH: 29

<212> TYPE: DNA

<213> ORGANISM: Sus scrofa

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (1)..(29)

<223> OTHER INFORMATION: Oligonucleotide primer DCS3 used for detection

of pDC-SIGN in pig tissues
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<400> SEQUENCE: 12

tatctagatc agagcatggg gcagggaga 29

<210> SEQ ID NO 13

<211> LENGTH: 21

<212> TYPE: PRT

<213> ORGANISM: Sus scrofa

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (1)..(21)

<223> OTHER INFORMATION: Peptide corresponding to regions within the CRD
of porcine DC-SIGN

<400> SEQUENCE: 13

Val Asp Asn Ser Pro Leu Gln Leu Ser Phe Trp Lys Glu Gly Glu Pro
1 5 10 15

Asn Asn His Gly Cys
20

<210> SEQ ID NO 14

<211> LENGTH: 16

<212> TYPE: PRT

<213> ORGANISM: Sus scrofa

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (1)..(16)

<223> OTHER INFORMATION: Peptide corresponding to regions within the CRD
of porcine DC-SIGN

<400> SEQUENCE: 14

Ala Glu Gln Lys Phe Leu Lys Ser Trp Tyr Arg Tyr Asn Lys Ala Cys
1 5 10 15

<210> SEQ ID NO 15

<211> LENGTH: 27

<212> TYPE: DNA

<213> ORGANISM: Sus scrofa

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (1)..(27)

<223> OTHER INFORMATION: Oligonucleotide primer 1F used for detection of
pDC-SIGN in pig tissues

<400> SEQUENCE: 15

gatggcagag atatgtgacc ccaagga 27

<210> SEQ ID NO 16

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Sus scrofa

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (1)..(22)

<223> OTHER INFORMATION: Oligonucleotide primer 4R used for detection of
pDC-SIGN in pig tissues

<400> SEQUENCE: 16

cggaggggct gctgagacca tce 22

<210> SEQ ID NO 17

<211> LENGTH: 27

<212> TYPE: DNA

<213> ORGANISM: Sus scrofa

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (1)..(27)

<223> OTHER INFORMATION: Oligonucleotide primer 2F used for detection of
pDC-SIGN in pig tissues
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<400> SEQUENCE: 17

tcgtectecatt gggtttcectte atgctcece 27

<210> SEQ ID NO 18

<211> LENGTH: 28

<212> TYPE: DNA

<213> ORGANISM: Sus scrofa

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (1)..(28)

<223> OTHER INFORMATION: Oligonucleotide primer 3F used for detection of
pDC-SIGN in pig tissues

<400> SEQUENCE: 18

ctgcagagag agagagagac cagcagga 28

<210> SEQ ID NO 19

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Sus scrofa

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (1)..(23)

<223> OTHER INFORMATION: Oligonucleotide primer 4F used for detection of
pDC-SIGN in pig tissues

<400> SEQUENCE: 19

tgcceetgge attgggaatt ctt 23

<210> SEQ ID NO 20

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Sus scrofa

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (1)..(22)

<223> OTHER INFORMATION: Gene-specific primer PIC54 used for design
based on sequence of partial porcine ICAM-3 gene

<400> SEQUENCE: 20

gcgtecaggt taagacacgce cg 22

<210> SEQ ID NO 21

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Sus scrofa

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (1)..(22)

<223> OTHER INFORMATION: Gene-specific primer PIC51 used for design
based on sequence of partial porcine ICAM-3 gene

<400> SEQUENCE: 21

tcegcgagca gagacgacca ¢g 22

<210> SEQ ID NO 22

<211> LENGTH: 25

<212> TYPE: DNA

<213> ORGANISM: Sus scrofa

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (1)..(25)

<223> OTHER INFORMATION: Forward primer PICSE, used to obtain isoform of
full-length porcine ICAM-3

<400> SEQUENCE: 22

ctgtgggttc atgtgggatc agggt 25
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<210> SEQ ID NO 23

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Sus scrofa

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (1)..(24)

<223> OTHER INFORMATION: Reverse primer PIC58, used to obtain isoform of
full-length porcine ICAM-3

<400> SEQUENCE: 23

ggggacagca gaaacggaac gtca 24

<210> SEQ ID NO 24

<211> LENGTH: 26

<212> TYPE: DNA

<213> ORGANISM: Sus scrofa

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (1)..(26

<223> OTHER INFORMATION: Forward primer PIC53 designed based on the
full-length porcine ICAM-3 cDNA sequence

<400> SEQUENCE: 24

cccacgagat tgtctgcaac gtgacc 26

<210> SEQ ID NO 25

<211> LENGTH: 19

<212> TYPE: DNA

<213> ORGANISM: Sus scrofa

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (1)..(19

<223> OTHER INFORMATION: Oligonucleotide primer Nco-DCS-5 used for
detection of pDC-SIGN in pig tissues

<400> SEQUENCE: 25

ataccatggc agagatatg 19

<210> SEQ ID NO 26

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Sus scrofa

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (1)..(30)

<223> OTHER INFORMATION: Oligonucleotide primer Xho-DCS-3 used for
detection of pDC-SIGN in pig tissues

<400> SEQUENCE: 26

agtctegagt cagagcatgg ggcagggaga 30

<210> SEQ ID NO 27

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Sus scrofa

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (1)..(21)

<223> OTHER INFORMATION: Oligonucleotide primer PDCS-E56F used for
detection of pDC-SIGN in pig tissues

<400> SEQUENCE: 27

gaatgccacc ctggcetggcee t 21
<210> SEQ ID NO 28

<211> LENGTH: 29

<212> TYPE: DNA
<213> ORGANISM: Sus scrofa
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<220>
<221>
<222>
<223>

<400>

FEATURE:

NAME/KEY: misc_feature

LOCATION: (1)..(29)

OTHER INFORMATION: Oligonucleotide primer PDCS-E78R used for
detection of pDC-SIGN in pig tissues

SEQUENCE: 28

gggttctect tettteccaga agctgagtt 29

<210>
<211>
<212>
<213>
<220>
<221>
<222>
<223>

<400>

SEQ ID NO 29

LENGTH: 20

TYPE: DNA

ORGANISM: Sus scrofa

FEATURE:

NAME/KEY: misc_feature

LOCATION: (1)..(20

OTHER INFORMATION: Primer GAPDH5 for amplifying porcine
glyceraldehyde 3-phosphate dehydrogenase gene

SEQUENCE: 29

gctgagtatg tcgtggagte 20

<210>
<211>
<212>
<213>
<220>
<221>
<222>
<223>

<400>

SEQ ID NO 30

LENGTH: 18

TYPE: DNA

ORGANISM: Sus scrofa

FEATURE:

NAME/KEY: misc_feature

LOCATION: (1)..(18)

OTHER INFORMATION: Primer GAPDH3 for amplifying porcine
glyceraldehyde 3-phosphate dehydrogenase gene

SEQUENCE: 30

cttctgggtg gcagtgat 18

<210>
<211>
<212>
<213>
<220>
<221>
<222>
<223>

<400>

SEQ ID NO 31

LENGTH: 20

TYPE: DNA

ORGANISM: Sus scrofa

FEATURE:

NAME/KEY: misc_feature

LOCATION: (1)..(20)

OTHER INFORMATION: Gene specific primer PLST-F for amplifying
coding region of pLSECtin cDNA

SEQUENCE: 31

tatgcccaga gcagggcacce 20

<210>
<211>
<212>
<213>
<220>
<221>
<222>
<223>

<400>

SEQ ID NO 32

LENGTH: 21

TYPE: DNA

ORGANISM: Sus scrofa

FEATURE:

NAME/KEY: misc_feature

LOCATION: (1)..(21)

OTHER INFORMATION: Gene-specific primer PLST-R for amplifying
coding region of pLSECtin cDNA

SEQUENCE: 32

gggctaggtc agcagttgtg ¢ 21

<210>
<211>
<212>
<213>
<220>
<221>
<222>
<223>

SEQ ID NO 33

LENGTH: 22

TYPE: DNA

ORGANISM: Sus scrofa

FEATURE:

NAME/KEY: misc_feature

LOCATION: (1)..(22)

OTHER INFORMATION: Gene-specific primer PLST-E3F for porcine
LSECtin cDNA



US 8,415,118 B2
75

-continued

<400> SEQUENCE: 33

caggatctac tgaggacaaa cg 22

<210> SEQ ID NO 34

<211> LENGTH: 26

<212> TYPE: DNA

<213> ORGANISM: Sus scrofa

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (1)..(26

<223> OTHER INFORMATION: Primer PLST-E67F of pLSECtin gene sequence

<400> SEQUENCE: 34

gagagtccgg ttccagaaca gctect 26

<210> SEQ ID NO 35

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Sus scrofa

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (1)..(24)

<223> OTHER INFORMATION: Primer PLST-E89R of pLSECtin gene sequence

<400> SEQUENCE: 35

tcecceccagat tceccagtgget gaag 24

<210> SEQ ID NO 36

<211> LENGTH: 1327

<212> TYPE: DNA

<213> ORGANISM: Sus scrofa

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (1)..(1327)

<223> OTHER INFORMATION: Nucleotide sequence of pLSECtin cDNA

<400> SEQUENCE: 36
tttatatcta tgcccagage agggcacctyg cttaccatgg acactgcegg gtacagcaag 60

tgggacaaca agctggagga ggtccctgga gggcactggg gacactgggg acagagatcce 120

ctecectectgg cectttggtet ggtggtegte acagteetgt gggecctegt tcetgageate 180
ctattttcca aggcctecac agagegeggg gegetgettg gecaccagga tctactgagg 240
acaaacgcct cgaagcagac ggcgactetg aaggtcttga aggaggaggt ccgagectge 300
aacagctget gectgggggt geaggegeag ctgcagacgg tgcacaccca gettggagag 360
gcaaaggcga agcetgttgga gcaggagage gccctgaagg aactgagcega gegegtgacce 420
cagggcettgg ctgaagecgg tagggacegt gagaacatece geagtgaget ctteegggag 480
ctggagagag tccggtteca gaacagcetcee tgegageagt gecccaagte gtggetgeca 540
ttccaggget cttgttactt ttteteggeg caaggggeca cgtgggtgga ggctcagage 600

cactgcegagyg gtgcgggege geacctggtyg attgttgggg gectggagga gcagggette 660

ctgagtcgga atactgeegg cegeggetac tggetgggece tgagggetgt gegcagggeg 720

cgcaaaatce agagctacca gtgggtggat ggagtcccac tcagettcag ccactggaat 780
ctgggggaac ccaatgacte tctggggege gaggactgea tcatgatget acggacgggg 840
atgtggaatg acgcaccgtg caacagcaaa gacgacaget ggatctgega gaagaggcac 900
aactgctgac ctageccagt gecccagage caageccact ggcacttgte caatcegectg 960

agctgcttac tgccctgget ccgcccacca ctataatcce teccactget tecagcaaaa 1020

acacccctte acccagagece taggccaata actggaccte agctccaace ccgetgeate 1080
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ccctecacccece

gtgatctgge

ggtttgcettyg

ttcacagcece

aaaaaaa

<210> SEQ I

<211> LENGT.
<212> TYPE:

atgagcctaa
cccatcacce

ctttttaccce

tagggagcat

D NO 37
H: 299
PRT

tgtatctaca

tccctaacca

cagaaggggg

caataaatga

<213> ORGANISM: Sus scrofa

<220> FEATU

RE:

<221> NAME/KEY: MISC_FEATURE
ION: (1)..(299)
<223> OTHER INFORMATION: Deduced amino acid

<222> LOCAT

<400> SEQUENCE: 37

Met Pro Arg
1

Lys Trp Asp

Trp Gly Gln
35

Val Leu Trp
50

Glu Arg Gly
65

Ser Lys Gln

Cys Asn Ser

Thr Gln Leu
115

Leu Lys Glu
130

Arg Asp Arg
145

Val Arg Phe

Pro Phe Gln

Val Glu Ala

195

Val Gly Gly
210

Arg Gly Tyr
225

Gln Ser Tyr

Asn Leu Gly

Met Leu Arg
275

Asp Ser Trp
290

Ala Gly His Leu Leu

Asn Lys Leu Glu Glu

20

Arg Ser Leu Leu Leu

40

Ala Leu Val Leu Ser

55

Ala Leu Leu Gly His

70

Thr Ala Thr Leu Lys

85

Cys Cys Leu Gly Val

100

Gly Glu Ala Lys Ala

120

Leu Ser Glu Arg Val

135

Glu Asn Ile Arg Ser
150

Gln Asn Ser Ser Cys

165

Gly Ser Cys Tyr Phe

180

Gln Ser His Cys Glu

200

Leu Glu Glu Gln Gly

215

Trp Leu Gly Leu Arg
230

Gln Trp Val Asp Gly

245

Glu Pro Asn Asp Ser

260

Thr Gly Met Trp Asn

280

Ile Cys Glu Lys Arg

295

ttcgctecaa

aggtcagtca

gectcaaaga

gaaatgaatc

Thr

Val

25

Ala

Ile

Gln

Val

Gln

105

Lys

Thr

Glu

Glu

Phe

185

Gly

Phe

Ala

Val

Leu

265

Asp

His

Met

10

Pro

Phe

Leu

Asp

Leu

90

Ala

Leu

Gln

Leu

Gln

170

Ser

Ala

Leu

Val

Pro
250
Gly

Ala

Asn

Asp

Gly

Gly

Phe

Leu

75

Lys

Gln

Leu

Gly

Phe

155

Cys

Ala

Gly

Ser

Arg

235

Leu

Arg

Pro

Cys

aatctgaget cctetgecct

cctcagggat ggagetgttt

tagagatttt gtgagctttce

ttgaaaaaaa aaaaaaaaaa

1140

1200

1260

1320

1327

sequence of pLSECtin cDNA

Thr Ala Gly Tyr Ser
15

Gly His Trp Gly His
30

Leu Val Val Val Thr
45

Ser Lys Ala Ser Thr
Leu Arg Thr Asn Ala
80

Glu Glu Val Arg Ala
95

Leu Gln Thr Val His
110

Glu Gln Glu Ser Ala
125

Leu Ala Glu Ala Gly
140

Arg Glu Leu Glu Arg
160

Pro Lys Ser Trp Leu
175

Gln Gly Ala Thr Trp
190

Ala His Leu Val Ile
205

Arg Asn Thr Ala Gly
220

Arg Ala Arg Lys Ile
240

Ser Phe Ser His Trp
255

Glu Asp Cys Ile Met
270

Cys Asn Ser Lys Asp
285
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<210> SEQ ID NO 38

<211> LENGTH: 63

<212> TYPE: PRT

<213> ORGANISM: Sus scrofa

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (1)..(63)

<223> OTHER INFORMATION: Peptide encoded by porcine ICAM-3 cDNA

<400> SEQUENCE: 38

Met Trp Asp Gln Gly Leu Thr Glu Val Cys Pro Leu Arg Gly Leu Pro
1 5 10 15

Glu Pro Ser Thr Pro Leu Gly Pro Pro Thr Arg Asn Pro Gly Gly Asp
20 25 30

Arg Val Ser Pro Ala Pro Pro Gln Asp Trp Thr Arg Cys Gly Pro Trp
35 40 45

Thr Ala Ala Phe Val Thr Ala Val Thr Val Leu Pro Ser Pro Gly
50 55 60

<210> SEQ ID NO 39

<211> LENGTH: 113

<212> TYPE: DNA

<213> ORGANISM: Sus scrofa

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (1)..(113)

<223> OTHER INFORMATION: Nucleotide sequence of porcine ICAM-3 cDNA

<400> SEQUENCE: 39
tgcggecect ggactgeage cttegtaact gecagtgactg tgcttectte ccetgggtga 60

ctegettget cegtggtage cagcacctca ttaaggcaac ttcectectge agg 113

<210> SEQ ID NO 40

<211> LENGTH: 28

<212> TYPE: DNA

<213> ORGANISM: Sus scrofa

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (1)..(28)

<223> OTHER INFORMATION: Nucleotide sequence of porcine ICAM-3 gene

<400> SEQUENCE: 40

cagcccaccce agtgacagct aaatgcca 28

<210> SEQ ID NO 41

<211> LENGTH: 34

<212> TYPE: DNA

<213> ORGANISM: Sus scrofa

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (1)..(34)

<223> OTHER INFORMATION: Nucleotide sequence of porcine ICAM-3 gene

<400> SEQUENCE: 41

ccegtaggga teccattect cctcaaatta aact 34

<210> SEQ ID NO 42

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Sus scrofa

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (1)..(22)

<223> OTHER INFORMATION: Nucleotide sequence of porcine ICAM-3 gene
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<400> SEQUENCE: 42

caataaggat gaacttcaag at

22

What is claimed is:

1. An isolated nucleic acid molecule comprising:

a) a nucleotide sequence encoding a fusion protein,
wherein the fusion protein comprises pDC-SIGN pro-
tein or the carbohydrate recognition domain thereof
linked to pL.SECtin protein or the carbohydrate recog-
nition domain thereof; or

b) a complement of the nucleotide sequence of a).

2. The nucleic acid molecule according to claim 1, wherein
the fusion protein comprises at least two proteins in which
pLSECtin is linked to pDC-SIGN or to the carbohydrate
recognition domain thereof.

3. The nucleic acid molecule according to claim 1, wherein
the fusion protein further comprises at least one protein
selected from the group consisting of

(a) hDC-SIGN, (b) hL-SIGN, (c) hL.SECtin, (d) the cyto-
plasmic tail of hDC-SIGN, hL.-SIGN or hLSECtin, (e)
the transmembrane domain of hDC-SIGN, hL.-SIGN or
hLSECtin, (f) the repeat neck region of hDC-SIGN,
hL-SIGN or hLLSECtin, and (g) a combination thereof.

4. The nucleic acid molecule according to claim 2, wherein
the fusion protein further comprises at least one protein
selected from the group consisting of

(a) hDC-SIGN, (b) hL-SIGN, (c) hL.SECtin, (d) the cyto-
plasmic tail of hDC-SIGN, hL.-SIGN or hLSECtin, (e)
the transmembrane domain of hDC-SIGN, hL.-SIGN or
hLSECtin, (f) the repeat neck region of hDC-SIGN,
hL-SIGN or hLLSECtin, and (g) a combination thereof.

5. The nucleic acid molecule according to claim 3, wherein
the fusion protein contains the carbohydrate recognition
domain of pDC-SIGN or pLSECtin and the cytoplasmic tail,
the transmembrane domain or the repeat neck region of hDC-
SIGN, hL-SIGN, hLLSECtin or a combination thereof.

6. An isolated nucleic acid molecule comprising a nucle-
otide sequence encoding pDC-SIGN, wherein the nucleotide
sequence comprises SEQ ID NO:1 or its complementary
strand.

7. A plasmid or viral vector containing the nucleic acid
molecule according to claim 1.

8. The plasmid or viral vector according to claim 7,
wherein the vector is pTriEx-1.1 Neo.

9. An isolated, transfected cell or cell line expressing at
least one or more proteins selected from the group consisting
of pDC-SIGN, the carbohydrate recognition domain of pDC-
SIGN, pLSECtin and the carbohydrate recognition domain of
pLSECtin.

10. The cell or cell line according to claim 9, wherein the
cell or cell line expresses a fusion protein.

11. The cell or cell line according to claim 10, wherein the
fusion protein comprises at least two proteins in which
pLSECtin is linked to pDC-SIGN or to the carbohydrate
recognition domain thereof.

12. The cell or cell line according to claim 10, wherein the
fusion protein further comprises at least one protein selected
from the group consisting of

(a) hDC-SIGN, (b) hL-SIGN, (c) hL.SECtin, (d) the cyto-
plasmic tail of hDC-SIGN, hL.-SIGN or hLSECtin, (e)
the transmembrane domain of hDC-SIGN, hL.-SIGN or
hLSECtin, (f) the repeat neck region of hDC-SIGN,
hL-SIGN or hLLSECtin, and (g) a combination thereof.

15

20

25

30

35

40

45

50

55

60

65

13. The cell or cell line according to claim 11, wherein the
fusion protein further comprises at least one protein selected
from the group consisting of

(a) hDC-SIGN, (b) hL-SIGN, (c) hLLSECtin, (d) the cyto-

plasmic tail of hDC-SIGN, hL-SIGN or hLSECtin, (e)
the transmembrane domain of hDC-SIGN, hL.-SIGN or
hLSECtin, (f) the repeat neck region of hDC-SIGN,
hL-SIGN or hLSECtin, and (g) a combination thereof.

14. The cell or cell line according to claim 12, wherein the
fusion protein contains the carbohydrate recognition domain
of pDC-SIGN or pLSECtin and the cytoplasmic tail, the
transmembrane domain or the repeat neck region of hDC-
SIGN, hL-SIGN, hLLSECtin or a combination thereof.

15. The cell or cell line according to claim 9, wherein the
cell or cell line is selected from the group consisting of den-
dritic, macrophagic, monocytic, lymphocytic and trophoblas-
tic cells.

16. The cell or cell line according to claim 9, wherein the
cell or cell line is selected from the group consisting of BHK-
21, MARC-145, PK-15, COS-7, VERO, CV-1, LLC-MK2,
MDCK, MDBK, Raji B, CHO-K1,3D4/31,IPEC-J2, THP-1,
RAW 264.7, MA-104, 293T and ST cells.

17. A process for the production of a protein product, said
process comprising: growing, under suitable nutrient condi-
tions, prokaryotic or eucaryotic cells transfected with the
nucleic acid molecule according to claim 1 in a manner allow-
ing expression of said protein product, and isolating the
desired protein product of the expression of said nucleic acid
molecule.

18. A method for propagating a virus comprising:

(a) providing a transfected cell or cell line according to

claim 9;

(b) growing the transfected cell or cell line in growth

medium to form a culture;

(c) inoculating said culture with the virus; and

(d) incubating the inoculated culture under conditions

effective to propagate the virus in the culture.

19. The method according to claim 18, further comprising
lysing the inoculated culture to release intracellular virions
and harvesting virus antigen.

20. The method according to claim 18, wherein step (a)
provides a transfected cell or cell line expressing a fusion
protein.

21. The method according to claim 20, wherein the fusion
protein in step (a) comprises at least two proteins in which
pLSECtin is linked to pDC-SIGN or to the carbohydrate
recognition domain thereof.

22. The method according to claim 20, wherein the fusion
protein in step (a) further comprises at least one protein
selected from the group consisting of

(a) hDC-SIGN, (b) hL-SIGN, (c) hLLSECtin, (d) the cyto-

plasmic tail of hDC-SIGN, hL-SIGN or hLSECtin, (e)
the transmembrane domain of hDC-SIGN, hL.-SIGN or
hLSECtin, (f) the repeat neck region of hDC-SIGN,
hL-SIGN or hLSECtin, and (g) a combination thereof.

23. The method according to claim 21, wherein the fusion
protein in step (a) further comprises at least one protein
selected from the group consisting of

(a) hDC-SIGN, (b) hL-SIGN, (c) hLLSECtin, (d) the cyto-

plasmic tail of hDC-SIGN, hL-SIGN or hLSECtin, (e)
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the transmembrane domain of hDC-SIGN, hL.-SIGN or
hLSECtin, (f) the repeat neck region of hDC-SIGN,
hL-SIGN or hLLSECtin, and (g) a combination thereof.

24. The method according to claim 22, wherein the fusion
protein in step (a) contains the carbohydrate recognition
domain of pDC-SIGN or pLSECtin and the cytoplasmic tail,
the transmembrane domain or the repeat neck region of hDC-
SIGN, hL-SIGN, hLLSECtin or a combination thereof.

25. The method according to claim 18, wherein step (a)
provides a transfected cell or cell line selected from the group
consisting of dendritic, macrophagic, monocytic, lympho-
cytic and trophoblastic cells.

26. The method according to claim 18, wherein step (a)
provides a transfected cell or cell line selected from the group
consisting of BHK-21, MARC-145, PK-15, COS-7, VERO,
CV-1, LLC-MK2, MDCK, MDBK, Raji B, CHO-K1, 3D4/
31, IPEC-J2, THP-1, RAW 264.7, MA-104, 293T and ST
cells.

27. The method according to claim 18, wherein the virus is
selected from the group consisting of porcine reproductive
and respiratory syndrome virus, porcine respiratory coro-
navirus, porcine epidemic diarrhea virus, porcine endog-
enous retroviruses, porcine hemagglutinating encephalomy-
elitis virus, transmissible gastroenteritis virus, Japanese
encephalitis virus, human immunodeficiency virus, Dengue
virus, West Nile virus, Ebola virus, Marburg virus, severe
acute respiratory syndrome coronavirus, feline coronavirus,

10

15

20
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human cytomegalovirus, porcine cytomegalovirus, hepatitis
C virus, simian immunodeficiency virus, feline immunodefi-
ciency virus, Sindbis virus, herpes simplex virus, type A
influenza virus, type B influenza virus, type C influenza virus,
swine influenza virus, Nipah virus, Hendra virus, African
swine fever virus, classical swine fever virus, bovine viral
diarrhoea virus, pseudorabies virus, swine poxvirus, vesicu-
lar stomatitis virus, rabies virus, Eastern equine encephalitis
virus equine arteritis virus, hepatitis E virus and porcine
circovirus type 2.

28. A plasmid or viral vector containing the nucleic acid
molecule according to claim 3.

29. A plasmid or viral vector containing the nucleic acid
molecule according to claim 6.

30. A process for the production of a protein product, said
process comprising: growing, under suitable nutrient condi-
tions, prokaryotic or eucaryotic cells transfected with the
nucleic acid molecule according to claim 3 in a manner allow-
ing expression of said protein product, and isolating the
desired protein product of the expression of said nucleic acid
molecule.

31. A process for the production of a protein product, said
process comprising: growing, under suitable nutrient condi-
tions, prokaryotic or eucaryotic cells transfected with the
nucleic acid molecule according to claim 6 in a manner allow-
ing expression of said protein product, and isolating the
desired protein product of the expression of said nucleic acid
molecule.



